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INTRODUCTION, 


Concerning the Magnitude. and Figure * the | 


Earth. 


T I * 1 
N » 


Rule, ought, in Reaſon, to'give ſome Account of the 
Grounds on which he proceeds. And although, with Re- 
gard to the following Eſſay, I might the more eaſily be 
ext this Trouble, that the Principle which it ſuppoſes, is now ge- 


nerally known and admitted yet ſome, who are leſs converſant in the 


Authors who treat of theſe Matters, may not be diſpleaſed to ſee, in . 
one diſtin&t View, what has been formerly believed, or is known 


to be, the true Figure of the Earth. 


Tux firſt Men, whilſt they ved together on their native Soil, | 


muſt have imagined the Surface of the Earth to be one immenſe 
Plain, diverſified by Mountains, Valleys, Beds of Rivers, and the 


like. Afterwards, when they began to diſperſe themſelves, and make | 


Excurſions into diſtant Countries, ' the different Elevation of the Hea- 


venly Bodies above their new Horizon, the different Length of the 


Days and Nichts, and different Degrees of Heat and Cold, oould 


not fail to excite their Attention and Curioſity: Vet theſe Appear- 


ances might not at firſt ſuggeſt to them any real Change of their 
Horizon, or that the Surface of = Eaath N Convex. They had 
i 4 Pak ob- 


HOEVER propoſes. any Correction of an eſtabliſhed 


_—_— INTRODUCTION. 
Th obſerved, no doubt, that the top of a Mountain, or of a Tower» | 


zs elevated as one approaches it; and the contrary, This might, to 


them, account for the Elevation or Depreſſion of the heavenly Bo- 

"dies; as a ſuppoſed Difference of Diſtance from the Sun might for 
the Degrees of Heat and Cold. Nor can it be gathered, but from 
Conjecture, when, or by whom the Diſcovery of the Earth's Con- 


Tu Ar this Opinion is very ancient, cannot be doubted. Talos 
the Mileſan, about 600 Years before the Birth of Chriſt, could fore- 
tel Eclipſes “; which ſhews that the Earth's ſpherical Figure was 
known, not only to him, but to the Aſtronomers of preceeding 


— ges, from whoſe Obſervations Theory of the celeſtial Motions. 


had been compoſed. His Diſciple Anaximander even attempted to. 
. meaſure the Earth's Circumference. } : 


Tuts Knowledge Thales might derive either from the Pheni- 
tian, or from the Egyptians; both which Nations he had viſited. 
The former, whoſe Bufineſs was Trade and Navigation, could not 
fail to deduce it from this ſingle Obſervation, though they had made 
no other; That in failing from any high Coaſt, the lower parts of the 
Land are gradually hid by the Surface of the Water, till at length. 
the whole diſappears; That, on the contrary, in making towards 
Land, the tops of Mountains are firſt diſcovered, and the reſt gra- 
dually as the Ship advances. _ wt 10: Fant oft of 03 - 


On may we not, with ſome reaſon, imagine that the Egyptians 


had very early made the like Obſervations at home? If they did not 


90 to Sea, the annual Return of the Nile brought the Sea to them. 

Ihe Country was overflowed to a conſiderable depth, their Barks 
+ rode in the Streets of the Towns, and the Towns themſelves riſing 

from the watery Surface gave a Proſpect like that of the Egean Sea 


With its Iſlands . Here then there wanted neither a Horizon, nor 


 Objetts proper for/Obſeryation ;-nor an acute ſpeculative People at. 
%» 
Herodot. Lib. J. + 1d. Lib. II. 


How- 


INTRODUCTION. 


5 How v E R this be, as ſoon as Geometry was cultivatedJ and 
it was found that by giving the Earth a ſpherical Figure, the Ap- 
pearance now mentioned, and. all others in Geography were conve- 


niently ſolved, it was reaſonably concluded that its Fi gure could be 
no other than Spherical, 


. Tr 1s naturally introduced the Enquiry concerning ies bien. 
ſion and Magnitude : An, Enquiry which was very early begun, and 
zs not quite finiſhed at preſent. For this purpoſe various Methods 

were thought of; all equally ſimple and accurate in the Theory, 
but difficult in che Execution, and ſometimes impracticable. 


Or the latter fort may be reckoned thoſe Methods, which 2 
pend on Terreſtrial Obſervations only. As when, from the top f 
a high Mountain, the Angle which a Line drawn to the extreme 
Verge of the Horizon makes with the perpendicular, is meaſured; 
and from this Angle with the height of the Mountain the gemidiame- 
ter of the Earth is computed. Such Methods, I ſay, are impracticable, 
or at leaſt inſignificant. Becauſe it is difficult to find exactly the 
perpendicular Height or the Diſtances of Mountains, and no leſs ſo to 
meaſure the Angle that is. wanted, even with the beſt Inſtrument; 
not to mention that the Altitude of the higheſt Mountain bears ſo 
ſmall a Proportion to the.. Earth's Semidiameter, that any Error in 


meaſuring the one, is greatly multiplied in WR the other. 


ww © the Methods which have been uſed with been vent the 
Diſtance of two Places on the ſame Meridian is ſuppoſed known, 
and likewiſe the different meridian Altitudes of a fixt Star at both 
places; and from a Compariſon of the given Diſtance: with the Diff. 
ference of Altitude, the Proportion of that Diſtance to the Circum- 
_ ference of the Earth is found. The Sun may be uſed inſtead of a 
fixt Star, if his meridian Altitude is taken at both Places on the ſame 
| Day—But this will be beſt explain d by the help ol Fs. N 


Is which CABN repreſents a meridian Circle of the Earth, that 
is a Circle wherein a Plane drawn through the Centre and the Poles - 
would cut the Globe, A and B are two Places in the Circumference 


"Ph e "WE © 


. Reber fon 


of this Circle, whoſe Diſtance AB is known; A D, GBD, touching a 
the Circle in A and B, are Lines in which the Plane of che Meridian 
cuts the Horizons of che two Places; and 8A, SB, are two Lines, or 
viſual Rays from a Star to the Places A and B ks EOF taken n 
| 4 th or proven, h 


= — - -::425 Tu Ar the Arc AB: bath the ſame Proportion to the hole 
| Circamference ABN A, as the om. ACB to four aht . 
= 6 El. 33. ; 


2m, ond Line at A, Ba pere to the Io. 
i rizon AD, as does the Plumb-Line 2B to the Horizon GBD. 
Nee Za, 2B produced, will meet in the Centre C. 3 El. 19. 


MT av e eee of a Bar de, e f. geeater khan 
the Diameter of the Earth; and that therefore the "Cites 8A, SB: 


oo for parallel. 


No w if two Obferyations of - the Star's meridian Altitude a are 
wits at A and B, theſe Altitudes will be meaſured by the Angles: 
SAD, SBG; and if BE, BF are drawn el to. AZ, AD, ſeeing. 
likewiſe 8A is parallel to $B, the Angle SAD wilt be equal to-SBF ; 
whence the Angle FBG will be the Difference of the Altitudes ob- 
ſerved. But — 288, EBF are Right-Angles, if ZBF common 
+ to both is taken away, there will remain FRG equal to zBE ; and. 
| BE being 1 to CAZ, the Angle zBE. is equal to BCA, that 
is, BCA is equal to the Difference of the Altitudes obſerved. Say 
cmerefore, As that Difference is to four ic eee ſo is the Arc 
. AB, in any known Meaſure, to. _ CONS in the 
| ſame Meaſure. 8 


. /I'r tad beers the ber thing, inſtead af the Altitades above 
the Horizon the Diſtances from the Zenith SAZ, SBz had been. 
__ _ "obſerved; for their Difference would bays n to Noa, 
a before. : 
- ; : ; | 1 
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10 this Method, or others reducible to it, we owe all the Mea- 
ſures of the Earth's Circumference, that have been taken by Au- 
thors of any Note, from Eratoſthenes down. to the preſent Times. 
The moſt remarkable of which I have tranſcribed from Farenius 
and de Maupertuis, and reduced as follows. 1 | 


* HE Circumſerence of che Earth contains according to | 


Be Stadia j Roman N 
* | vo Miles of | _© 
FE Thong as e 5 
Eratoſtbenes 2 50000, E 1230 
b Hipparchus | (27500034375 ] 
DP 3 Pojudonius (24000030000 8 
— Stabo and Proemy — | 
| " The Arabians >. e Rogen! 
q ä—uj——2—ñää—ũ — ͥͤ ł Wᷣ]—]— — | 
According to 0 | 777" rn 3 
A. | Rbinlard /| French 'Engliſh Sta- 
VF Perebes of | Taiſes or | tute Miles 
C on 1255 Le ” 12 Feet. Fathoms, TG Feet. 


Noro 10707273 I 20679000 2 5036+ : 
Picart ros; 3011 6620541 2 — | 


Aal p 


tw „ 


"Muſſchenbrock 1062. 107 9 - 
Any of which Numbers multiply d by't the Fration 8 will give | 
the Diameter in the fame Meaſure ; or divided by 3 way give 
en 


Ne Tas Fri Foot k. dhe Belhb Hear 5 95 to BY ? 
the Rhinland Foot to the Bugliſh as roy; to 5 SY ? ancient 
Roman Foot to that of Purii, as 1 f to 12, * I 


. Hiſteire de I Academie ds Scien. Ann. oa : 6 


„ Sun's Diſtance from the Zenith of Alexandria +. Beſides, 


of 


uſed in 


7e de Seim. Ann. . . 


— 
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I this Table it may be obſerved, 1, That the Numbers of the 
Ancients differ widely from one another; which has made it ſuſ- 
pected that their Stadig, or Furlongs, were not of 


4" | the ſame length, 
as indeed it would be difficult to 


to prove that they were. Vitruvius 
and Pliny, with moſt Authors, give 8 Stadia to a Roman Mile of 
1000 Paces, or 000 Feet. But Mr, Caſſini, 


| „ or t. But N from a Paſſage in 
Strabo, finds, that at leaſt g Stadia were. conta | 


at at leaſt 9 S! ined in the fame 
Mile in the South of France. And the Dimenſions given by Au- 
thors of the greateſt of the Egyptian Pyramids only encreaſe the 


Bo T allowing that the ancient Geographers by a Sradium do e- 


very where mean one determinate known Meaſure, as it was moſt 


natural they ſhould, their diſagreement, in the preſent Caſe, is ſuf- 


ficiently accounted for from the bad Inſtruments and little Care they 
Operations of this kind. How ill provided they were of 
Inſtruments we ſee from the Arenarius of A4rchmedes, where we find 


the apparent Diameter of the Sun taken by means of a Cylinder 
placed at ſuch a Diſtance from the Eye as juſt to cover his | 


Body. 
And Eratofthenes, in his famous Obſervation, had only a Bade 
Hemiſphere with a Gnomon erected: in it, whereby to meaſure the 


they 
took the Diſtances of Places not from an actual Survey, but Pad 
common Eſtimation ; and were not very ſolicitous whether they lay 
preciſely in the fame Meridiaens. , 
Tux Moderns have performed this Work with greater Care, 
and, we ſee, to better purpoſe, © Upon the revival of Arts, large well- 
Inſtruments. were made, the Diſtances of Places were 


exactly meaſured, and. proper Allowances made for all Deviations, 


boch from the Horizogtal Line, and from the Meridian. At length 


Teleſcopic Sights were applied to Inſtruments, by which . means 

Angles, whether above or im the Horizon, could be taken to a 
much greater preciſion; and the Inſtrument itſelf could be better 
examined and rectified. Still it was troubleſome to make Surveys 


— 


t Hu. Fragment. poſt Aratum. Edit, Oxon, i 
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| INTRODUCTION. xi 
of a proper Length, ſuch as Mr. Norwood's, who meaſured the Di- 
ſtance from London to York with a Chain. To remedy this, it was 
found ſufficient, or even better, to meaſure with the greateſt c- 
curacy ſome ſmaller Diſtance as a Baſe, from which by means of 
a Series of Triangles connected with it, an Arc of the Meridian of 
- a competent Length might be deduced. | | 


Fox it is not difficult to conceive, that in a Figure conſiſting 
of any Number of Triangles, all whoſe Angles are known, — 
| whereof every two that are contiguous have one Side common, if 
any one Side is given in length, the Dimenſions of the whole Fi- 
gure may be found by Trigonometry ; and its Poſition with reſpect to 
the Meridian from an Aftronomical Obſervation, Whence, if a Me- 
ridian-Line is ſuppoſed to paſs through any Angle of the Figure, and 
perpendiculars to. be drawn to it from the other Angles, the Inter- 
cepted Segments will be known : By which means an Arc of the 
Meridian of any Length may be. meaſured. Only theſe things are 


2 to be noted; That tis convenient the Triangles be as few as poſ- 


none of the Angles 


fible; that they be continued nearly in the Direction of the Me- 
ridian, and that the Stations or angular Points, whether Spires of 
Churches, &c. of erected on pooh be ſo ſituated, that 
5 e An very ſmall. But all this will be beſt under- 
ſtood from Mr. de Maupertuis Figure of the Earth determined ; 
where the whole Proceſs is. particularly deſcribed, and illuſtrated. 
with proper Schemes. 5 r e 3336311 V1 


HiTHERTo the Figure of the Earth has been conſiderec as: 
perfectly Spherical; to which indeed it fo nearly approaches, that 
the Difference was not to be diſcovered in the Method already ex- 
plained, if the Arcs meaſured were nearly in the fame Latitude, 

eſpecially when no ſuch Difference was ſuppoſed: or look'd- after. 
For although Norwood, Picard, or ever ſo many good Artiſts in 
Trance and England, had, by good: luck, each aſſigned the juſt - 
Length of the Degree which he meaſured, the Differences of theſe - 
Lengths would have been no greater than might be reaſonably. 
35 WP 2. . attributed: 


3 
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 atttibuted-to the Errors that are unavoidable in ſuch Operations. 

And accordingly, however various the Length of a Degree, as rated 

by different phy had been, there —— aroſe the leaſt Suſpicion 
' of the Earth's being other than a perfect Sphere, till Mr. Richer's 
celebrated Obſervation in 1672; That the ſame. Pendulum vi- 
« brates flower near the Equator than it does in France.” Then 
indeed, the true Figure of the Earth could not be long unknown; 
this Phenomenon happening in the time of Huygens and Newton, the 
two Perſons beſt qualified to. reaſon upon it ; and, by a fate pecu- 
Har to it ſelf, ſcarce ſooner appearing chan! it received a juſt Solution. 


Bo r in order to give ome intelligible Notion of this matter, and 

to ſhew the Relation there is between the Motion of a Pendulum 
and the Figure of the Earth, it is neceſſary firſt to explain what is 
meant T e N Force a Tm erm of N Uſe on this Oc- 


We 1 of Motion. that a. Body impelled by another 

moves on equably in the Direction of the Impulſe; and alſo if che 
Impulſcs be two, three, or any finite Number, the . -"g 

which they are exerted, will ſtill move in a ſtrait Line, wi 

locity and Direction reſulting from the Rs 1451 Direction of 

all the ſevetal amn, SURE 


een it follows, that ow Dog a Body moves in a Clicle, or 
other Curve-Line, it is retained in that Curve by ſome force acting 

upon it continually. Such is the Force which the Hand exerts upon 
a Stone whirled round in a Sling; and ſuch is that.conceived to be, 
by Ron Bodies are retained in their Orbits. 


Aero being ever equal and contrary to Reaction, if we con- 
rider the Tenfion of the Sling as produced by a Force acting towards 
the Hand as a Centre, — Is 3 led Cent ri 50 But 
if we conſider it as a Force in the _ acting in a Di- 
_ reftion, it is called Centrifugul. And in all Bodies Wee round a 

Centre or Axis, ſuch — Fenn” is, * its Ef- 
| feet i is © $a a 5 
1 In 


1 
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In ſolid Bodies revolving round an Axis, every Particle tends to 

„ but the Effet is deſtroyed by by the ſtronger 

Coheſion of the Parts; tis otherwiſe in thoſe that are fluid or very 

ſoft; as we may ſee in the circular Motion of a Bucket of Water 

ſuſpended by a String, in the Motion of a Grindſtone, and many 6 . 
Ger: Inſtances that are familiar to every one, 


One Law of centrifugal Force is, that in the fame or equal 
Particts of Matter, ſuppoling likewiſe the times of Revolution e- 
qual, its quantity will be proportional to the Semidiameter of the. 
| Circle deſcribed. Whence we may eaſily gather, that 77-#he Cir- 
cumvolution of Auid Bodies, the total Effect, or the Sum of the cen- 
trifugal Forces is MIT to- * "_ of the Na oY Cire- 
cumolution. | 

Fo x if in | the Right Line CB (Fig. IL. ) 8 aa be taken, CA, CB: 
equal to the Lengths of two ſmall Tubes containing a homogeneous 
Fluid, and which are ſuppoſed to revolve, in' the fame time, round* - 
a Centre C: And if from A and B there be drawn at right Angles: 
the Lines AE, BD, proportional to CA, CB; then will CED be 
a right Line; and any Line pt parallel to AE, and meeting the 
Sides of the Triangle in p and 7, will repreſent the ecntrifugal F orce - 
at the Diſtance C. Now if this centrifugal Force is multiplied 
into a given Particle of the Fluid pg, the Rectangle gt will be pro- 
portional to the vis motrix, or momentum of that particle. And the 
Zum of all theſe Momenta will be as the Sum of all the little 
Rectangles 3, that is, as the Area of the Triangle CAE. In like 
manner, the Sum of all the Momenta, or centrifugal Forces in the 
5 longer Tube will be as the Area CBD ; which Areas are in the du- 
palicate Ratio of the Sides CA, CB. 6 El. 19. 


To confirm this, the follow ing Experiment may be made. Let 
a Braſs Tube of the Shape that is repreſented in Fig. III. be filled 
with Mercury, or with ſome tinged 7 — to the height of the Lins 
BD, and then fixed to a Machine which turns With an. 
Velocity, but & as the Axis of the Leg DC, may coincide 
. with the Axis of Motion, Then will the F luid in the one Leg f ny 


xvi INTRO DUCTION. 
from D to E, and riſe in the other from B to G; and FG, the Dif- 
ference of the Heights of the Columns AG, CE, will be as the Sum 
of the centrifugal Forces in the Radius of Revolution CA ; as is 
plain from Hydrgſtatics. This Difference FG may be meaſured on 
2 ffxt Gage contrived for that purpoſe, if a piece of Glais is ce- 

mented along an Opening made in the Leg AG, through which 
we F luid _y be een. — i | 


Tur Experiment may be varied ſeveral ways; as in Eg. IV. 
where the Tube is ſuppoſed to revolve about an Axis dividing AC 
unequally, in xu Then ought the Difference of the Heights AG, 
CE, to be proportional to the Difference of the Squares of Ac; 
C; making ſome allowance for the Tenacity and Adheſion of the 
Fluid. And there muſt now be adjuſted another Tube c8, directly 
in the Axis of Motion, Seer the er nent Ken in n either Leg 
ann be ſupplied. | | 


To apply this to | the Subject i in queſtion ; 7 98 with Sir Tfaac 
Newton, imagine, that in Fig. V. 1 the Globe of the 
Earth, whoſe Axis is Pp, and a Diameter of the Equator Qq, there 
paſſes a Canal or Tube A, filled with water from P to Q. If 
the Earth is a Sphere of homogeneous matter, equally gravitating 
to the Centre at equal Diſtances, and is likewiſe at reſt, then the 
Fluids in the Tubes PC, QC will ballance each other. But if the 
. is made to revolve equably upon its Axis Pp, 'the centrifugal 

of the Fluid in'the Leg CQ, will take off ſome part of its 
Weight: Nor can the Equilibrium be reſtored, till fo much of the 
Fluid EL — AC, as to make the whole Weight 
in AC, = yn rin 


fugal 1 Hence it appears, 


I. That the folid Earth at preſent is not bee de n- 
nal Revolution would throw the Ocean upon the Parts about the E- 
duator, cauſing a general Inundation for a great Tract on both ſides 
of it; leaving thoſe towards the Poles, if not quite dry, at leaſt 
wih Coaſts of an immenſe height above the . 


«IJ 
* 8 
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2. Tu ar if the Earth was originally fluid and ſpherical, the 
communicating to it its motion of diurnal Rotation, muſt neceſſaril 

raiſe its Parts higher with reſpe& to the Axis, and depreſs the Parts 

towards the Poles, bringing them nearer to the Centre, till it ſettled 

into the Figure called an Oblate SpHeroid, generated by the Revolu- 


tion of an Ellipſe round its leſſer Axis. Which having been demon- 
ſtrated by others, I do not at preſent inſiſt on. 


NrIT HER will this Figure be ſenſibly altered * that of a 
geometrical Spheroid, although, as Sir 1/aac Newton ſuppoſes, the Earth 
ſhould be ſomewhat denſer towards the Centre. If we conſider this 
redundant Matter, which makes the exceſs of Denſity, as LY diſtinct 
Maſs, ſimilar in Figure to the Earth, and acting upon the more ho- 
mogeneous Maſs towards the Surface, in a reciprocal duplicate Ratio 
of the Diſtances, it is plain the more diſtant Matter towards the 
Equator will be comparatively lighter, thari if there was no ſuch 
Maſs, and conſequently will rife higher. But this riſing at the E- 
quator, on account of the Denſity at the Centre, is contined to nar- 
row Limits; and there muſt be a regular Subſiding, towards the 
Poles, correſpondent to it, which will {till keep the Figure of the 
Earth nearly to that of a perfect Spheroid, 


Bur to return; The _ of centrifugal Force, with reſpect to 
Gravitation, is two-fold: 17. By it the Weight of Bodies is dimi- 
niſhed immediately ; moſt at hs Equator, and in any given Latitude, 
in a duplicate Ratio of its Cone; or more rigorouſly as the Rectan- 
gle under the Ordinate and Co/ine pertaining to that Latitude. And 
2*, mediately, as it is the Cauſe of the Earth's Spheroidal Fi ure. 


Now 'tis evident, that the Force by which a Pendulum vibeaies, 
is no other, than that by which Bodies are attracted downwards. 
And that therefore if the Power of Gravitation was increaſed, ſo as 
a Body, for inſtance, which a Man could formerly raiſe from the 
Ground, ſhould now prove too heavy for him, though he makes 

an equ al Effort ; in this caſe a Pendulam would move faſter. And 
the — if che Power of Gravitation was diminiſhed. It is 

b . likewiſe 
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likewiſe true, that the time of the Vibration of a Pend aum is lon- 
ger or ſhorter, when che Pendulum it ſelf is ſo. 


Wu x therefore Mr. Richer being in the Iſland of Cayenne, 
within five Degrees of the Equator, found that his Pendulum, which 
he had carried from France, went ſo much ſlower, that, to make it 
keep true Time, he muſt have ſhortned it by about an eighth part of an 
Inch, it was a certain Indication, that in thoſe Parts the Force of 
Gravitation is leſs than it is in France. And wherever the Experi- 
ment has been repeated with due Care, the Concluſion has been 
the ſame, © That the Power of Gravitation a nl in going from 
the Poles ert the Equator.” 


f is true, the Warmth of the Climate contributed to lengthen 
Mr. Ricbers Pendulum, but not ſo much as + of an Inch in a Rod 
of little more than three Foot; as is gathered from Experiments 
that have been made upon the Extenſion of Metals by Heat. Be- 
ſides, the French Academicians, in'their late curious Experiments on 
this Subject, contrived to keep the Air in the ſame Degree of Heat 
at Peſo, in Lat. 66“. 48", as afterwards at Paris; which was mea- 
ſured in both places by the ſame Thermometer. 


I therefore; from the different Lengths of a Pendulum ! in dif- 


ferent Latitudes, the Dimi nutions of Gravity are found; and 


from the total Diminutions thoſe Parts are ſubtracted, which reſult 
immediately from centrifugal Force, what remains will be the Di- 
minutions that are owing to the ſpheroidal Figure of the Earth, ſup- 
poſing it every where of the fame Denfty : Which en the 
Queſtion to this ; * What Species of a Spheroid will, , from the Ge- 
« neral Law of Attraction, produce a given Diminution of Gravi 7 
« at a given Point of its Surface?” 


11 P, for Inſtance, the Length. of a Second-Pendulum, at the 25 


is Emre Lines, or twelfth parts of a Paris Inch, . anal at the 
[6 439 468, the Difference 1055 1.912 Lines * ; the 8 


12 77 4 
* See Sir 2 Neroton 8 Table. | | of ; 


INT ROD moe As 
/ Gravity will be expreſſed by the Fraction Av, from which 
5 —— 1 ry, the 7 8 ate Effect of centrifugal Force, the re- 
mainder is rr. But Sir 1/aac Newton (Prop. 19. Lib. III.) com- 
putes, That if the Semiaxis of a Spheroid which is at reſt, is to the 
Semidiameter of its Equator as 100 to 101, the Diminution of Gra- 
vity at the Equator will be e. Say therefore, As the Diminution 
Tor is to the Difference ss; 10 is Tr to +35 : That is, the Se- 
midiameter of the Equator is to half the Axis as 230 to 229. 


In the ſame Propoſition it is ſhewn, That the Fraction +3 ex- 
preſſes likewiſe that part of the Weight of the Column CA (in Fig. 
V.) which is ſuſtained by the centrifugal Forces : And farther, that 
in the Spheroid of the laſt Paragraph, whoſe leaſt and greateſt Se- 
midiameters. are as 100 to 101, the Exceſs of Weight of the Fluid 
in the Column CA, above the Weight of CP will be g of CA. 
If then the Exceſs of Weight z give the Difference of Semidia- 
meters +5 3 What will the Exceſs of Weight +35 give? The An- 
{wer is, 22 5, as before. That is, in a Spheroid, whoſe Semidiame- 
ter of the Equator is to its Semiaxis as 230 to 229, the Exceſs of 
Weight in the Column CA, will be equal to that Weight which 

the centrifugal Forces can ſuſtain ; and conſequently the Fluids in 
the Canals CA, CP will reſt in Equilibrio. 


Upon this Proportion of 230 to 229, Sir J/acc Newton calcu- 
| lates his Table of the Lengths of a Pendulum in different Latitudes. 
But the Differences of the computed Lengths coming out leſſer than 
what they had been found,þy Experience, he introduces the Maſs of 
A enſer Matter, which was already mentioned: And increafing the 
Difference of the Semidiameters in the ſame Ratio as the ob/erved 
Difference of Length of the Pendulum exceeds the computed, raiſes 
the Earth from 175 to 314; Miles higher at the Equator, ' - 


Ox, which will nearly ſerve to the fame purpoſe, we may uſe 
the following Rule; Inſtead of 279, take a Fraction (/) which 
e in either of the above Analogies ſhall give the ſame Anſwer.” , 
Which is equivalent to this Suppoſition, © That the Effects 4 
; | D 234: MEI 
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« 'denſer Maſs, viz. the greater Diminution of accelerating Force, 
e and the Elevation at the Equator correſponding to it, are nearly 
ce the ſame, as if they had been produced by a faorfrer diurnal Ro- 


<« tation.” | 


Tus if, according to Monfr. de Maupertuis's Table *, the 
Length of a ſecond-pendulum is at the Pole 4414 Lines, and at the 
Equator 439.33, the Difference being 2.17 ; the whole Diminution 
of Gravity will be +33, from which if we take vy, and work 
by the former Analogie, the Ratio ſought will be 423, which is too 
great, as £32 is too ſmall. But if, for +5, we uſe the Fraction 
r, either Analogie will give the Ratio of the greateſt to the 
leaſt Semidiameter, as 203 to 202. WR 50 


Now this Table of Monſt. de Maupertuzs is it felf calculated upon 
'A Hppot bee which had been already given. up; namely the uniform 

Denfity of the Earth ;and differs in effect from Sir Zaac's in this only, 
that the greater ob/erved Difference of Length, between Paris and 
Pello, upon which the Calculus proceeds, does of conſequence affect 
the * Table. We may therefore ſuppoſe the Fraction +437 
is too ſmall. And if inſtead of it we take r, we ſhall not proba- 
bly be much wide. of the Truth. For, by the beft Obſervations in 
Sir aac Newton's Time, the Difference from the Equator to Pa- 
71s was about 2 Lines; from Paris to Pello, by M. de Maupertuis's 
own accurate Experiments, it is - of a Line, and allowing an. in- 
creaſe of , more from Pello to the Pole, the Sum is three Lines. 


In which Cafe, the Fraction (f) will now be increaſed to 
and the Ratio of the Semidiameters to 442. | 


Bur here it muſt be obſeryed, that although this Rule, as founded 
on no. unreaſonable Suppoſition, may ſerve till a better is diſcovered, 
yet is it neither demonſtrable, nor perhaps ſufficiently exact. From 
the Experiments with Pendulums, we may juſtly infer an Elevation 
of the Equator in general, but not its preciſe QMantity; this laſt de- 


Are of the Earth determined; 


18440 8 


INTRODUCTION. = 


pending partly on the internal Conſtitution of the Earth, which is 
unknown. And admitting that the Figure of the Earth is to be de- 
termined from a Ballance of the centrifugal and attractive Powers ; as 
alſo, that the Diminution of accelerating Force at the Equator (above 
what 1s accounted for from the centrifugal, and from the Attraction 
of a homogeneous Spheroid) is owing to the Attraction of a denſer in- 
terior Maſs ; yet it will not neceſſarily follow, that the Equator is 
thereby raiſed higher than if the Earth were homogeneous. Its Ele- 
vation may indeed be either leer, equal or greater, according to the 
Conditions of the denſer Maſs. What probable Arguments there are, 
that this laſt is the Caſe in Nature, ſhall be afterwards conſidered; 


AT preſent, let us ſuppoſe a fluid homogeneous Earth to revolve, 
its greateſt and leaſt Diameters being, in this State, as 2 30 to 229 ; 
and that afterwards a payt of the Fluid is converted into a concentric- 
fold Sphere, with an attractive Force, ſuch as that of the denſer 
Maſs is ſuppoſed to be. In this caſe, it is plain the Taatneter of 
the Equator will be contracted ; for in a Column of the Fluid which. 
lies in the Plane of the Equator, the new Attraction is, to a Dis, 
ſtance from the Centre equal to the Semiaxis, the ſame as in the 
Polar Canal; and conſequently the Attraction (of the remaining 
part of the Equator-Column, will increaſe the Ratio of its whole 
Weight to that of the Column in the Axis; while in the mean 
time the Diminution of accelerating Force at the Equator will be re 
greater than before. 


IN place of the concentric Sphere, let us ſubſtitate a ſolid Sphe- 
roid ſimilar to the Earth; the Canals communicating with each o- 
ther along its Surface. And if we put the Ratio of the Semiaxis 
to the Semidiameter of the Equator to be that of Unity to z; the 
Heights of the two Columns of the ambient Fluid being in the 
ſame Ratio, the Weights (produced by this zew Attraction) of two 
ſmall Portions of the Fluid, proportional te-the whole Columns, and 
: ſimilarly fituated in them, will be directly as theſe Portions, and 
_ inverſely as the Squares of their Diſtances from the Centre. And 
theſe whole Weights: being in a like Ratio; that of the Column = 


"ES 
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: the Axis will be to the other as 1 to 2, and 2* ton, that is, as > 
to 1; conſequently it will preponderate, and raiſe the Equator higher 
than in the Ratio of 230 to 229. 


88 
SY 


Ap tf the little Sphcroid is taken of a certain intermediate Spe- 
cies between a Sphere and- that of the homogeneous Earth, its At- 
traction will not alter the Ratio of the Earth's Diameters, 
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1 TEE Truth of theſe Concluſions may be examined as follows. 
| Let a right Line RG (Fig. V.) touching a Meridian at the Equator 
. in the Point E, repreſent the Length of a Pendulum, that is, the 
actual accelerating Force of Gravitation at the Equator; and, in it, 
ER that part which belongs to the redundant Matter. Draw to 
11 the Centre the Line GC, and from the Point R deſcribe the Curve 
| | REFZ, having its Ordinates RE, FV in the inverſe Ratio of the 
| Squares of their Diſtances from the Centre, CE, CV. So ſhall the 
Area ERFV, intercepted by the Ordinate ER at the Surface of the 


Earth, and any other FV parallel to it, (i. e. the Area RE x EV x = ) 


be proportional to that part of the Weight of the Column EV, which 
belongs to the Attraction of the redundant Matter: And the Trape- 
zium EVTG, cut off by the Ordinate FV produced, ſhall repreſent 
that part of the Weight of the fame Column, which reſults from 
the Attraction of the uniformly denſe Earth. Imagine the like 
Conſtruction at the Pole, marked at the analogous Points with the 
ſmaller Letters 7, e, g, &c. and make the Area RGTF equal to 
rg tf, fo ſhall you arrive at an Equation, expreſſing the Ratio of the 
greateſt and leaſt Semidiameters, anſwering to the Data and Suppo- 
fitions upon which you proceed. 4 


1 


i f Tavs, if CV is to Cv as 2 to Unity, that is, if the redundant | 
| Matter has a Form fimilar to the Earth, the Equation produced by 
the Compariſon of the Areas RGTF, rg #f, will be 


AE _—_——_—_ — 


40 x -A xq+rbx IAH c Ro. In 
which the Semiaxis of the Earth, as alſo the accelerating Force at 
ia. * | a 5 | , N the 
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the Pole, being Unity, x is the Semidiameter of the Equator ; and 


(e being the Difference of the Semiaxes of the Earth, and of the 
redundant Maſs) -e, RG the accelerating Force at the 


Equator, 5 755) Ss, E.. 


Fon which, if leſs Accu cy is required, we uy uſe the na- 
dratic Equation, % | 


970 X'S *—255+0 * rb x 2-+29-+7 xc o. 
Ix like manner, if we ſuppoſe the redundant Maſs to be a Sphere, 
whoſe Radius is to the Semidiameter of the Equator as 7 to 1, 
putting ax 1— , we ſhall obtain the Equation. 


ang Comal xt DN FI TTA: +77 FFI x a1 


Oz, for three or four decimal places, the Quadratric 


2—C N * 8 2 „er x 2 ＋3—. 2. i 


AND in all Caſes, the Aude of the redundant Maſs will, at I 


the Pole of the Earth, be to the whole Attraction, as f Py OY) 


— — 


— „2 —1 


to Unity; that is, to the Attraction of the 17 denſe Easth as ; 


Im 


— 
Cob x $—1 to — — . 


Wurxer likewiſe the Denſity of this Maſs, will, in any given 
Caſe, be known; for it will be to the Denſity of the homoge- 
neous Earth, nearly as the attractive Forces at the Pole directly, and 


the Cubes of the Semidiameters inverſely. Se On 1. 1 5 74. 
Lib. I. Wen 


FRoM theſe Equations it appears, * if the Fraction +354 ex- 
preſſes the whole Diminution of Gravity at the Equator, that is, 
fu ppoſing a Second Pendulum is ſhorter than at the Pole by about 
2+ Lines, and the denſer Maſs to be a Sphere, whoſe Radius is : 

9 
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of the Semidiameter of the Equator, then will the Difference of 


the Earth's greateſt and leaſt Semidiameters be only +; of the 


latter. If the Radius of the denſer Maſs is g, the ſaid Difference 
will be very near 44+. But although the denſer Mals were reduced 


to a Point, the Semidiameter of the Equator would not exceed the 


Semiaxis by above 2. 


On the contrary, the Fraction 244 remaining, if the denſer 


44215 


Maſs is fimilar to the Earth, their like Diameters being as 1 to 4, 


the Elevation of the Equator will be between +55 and gs of the 
Semiaxis. And if the Semiaxis of the denſer Mats is , it will riſe 
to between +54 and +445. Let the interior Spheroid become incom- 
parably ſmall, that is, let e be greater than any Fraction whatever 
then, in the firſt Equation, 7 is incomparably great, which reduces 


RW S== —- ==1+z53. Or if e is leſs than any Fraction whatever, 


then gr e, and, r vaniſhing, if we divide by 9, the Equation is 


abz*—a+b I- x 2+1==0; which will give 2 nearly e- 
qual to Ir. In like manner, if the total Diminution is put e- 
qual to 433+, the Limits of à will be IA, and 1-+;5;. * 


F x 0M which Examples we ſee, that a ſpherical Maſs muſt con- 


tract the Semidiameter of the Equator ; and in general, what the 


Effect of a Spheroid of any Species would be, vi. that ceteris pari- 
bus, the more oblate it is, or the leſſer its Magnitude, the higher it 
will raiſe the Column at the Equator ; and the contrary. And that 
. conſequently, as was above aſſerted, unleſs the Conditions of ſuch 
a Maſs are given, the Species of the Earth's Figure cannot, by any 


Rule yet known, be certainly inferred from the Experiments with 


Pendulums. 
| N | 


I would not here be miſunderſtood, as infinuating that ſuch Ex- 
periments are of no uſe in this Subject. On the contrary, it is by 


F - bs them 
In all this, the Quantity of centrifugal Force is put = 218, and 5 = $32. 


But after theſe Fractions have ſerved for an Approximation, they may, if the Ac- 


—— the Experiments requires it, be calculated a-new, and the Operations 
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them chiefly that it can be clear'd of the Difficulties with which it 
is now embaraſſed. What I mean is to ſhew, that we ought not 
to be over-haſty in concluding from them, and to point out what 
ſeems to be yet wanting before we can proceed in this enquiry. 
„That, beſides a ſufficient Number of good Obferyations in all La- 
« titudes we can come at, the Laws of Attraction be further ſtu- 
« died; what they are at any Point of the Surface, not only of a 
ke: homogeneous Earth, but on the ſuppoſitions, either that it in- 
<« cludes a given Maſs of denſer Matter, or is gradually more denſe 
from the Surface to the Centre,” By comparing theſe Experiments 
with the Theory, and with each other, we may hope to ſee the 
Figure of the Earth better determin'd, and even its internal Oonſti- | 
tution in part diſcover'd. 


| Es8PECIALLY if we call in the Aſſiſtance of Obſervations " EP 
from ſome other Source; of which we are not altogether deſtitute, 
For as we can from the Conditions of the Maſs, and the Diminu- 
tion of Gravity, deduce the Elevation of the Equator, in the Manner 
already deſcribed ; vice verſd, if, either from the Method of the 


French Ae cant, which ſhall be afterwards explained, or by the 


Obſervation of Lunar Eclipſes, this Elevation can be found to any -- 
tolerable Exactneſs, the Magnitude of a fimilar Spheroidal Maſs is 
had by making e the unknown Quantity in the Ing. e 276 — 


Ge. which will depreſs it to the Quadratic. e*— 3 e-+ 


5 
7 , 


in which s and # are the Co- efficients of 9 and r in the Equation, 4 
before it was transformed. Thus, if by whatever means z is found 
| ==1.01, and az=1—74+7, 1, or the Semiaxis of the concen- 
tric ſimilar Spheroid, will be a little more than 297. That it is 
either ſimilar, or not much different, is probable; and if the Dif- 
ference is conſiderable, it will diſcover itſelf in the Motion of Pen- 
dulums in ſeveral diſtant Latitudes. 8 


ALTHOUGH, Green what is above demonſtrated, it appears that 
the greater Diminution of accelerating Force at the Equator, is not 
altogether inconſiſtent with a Diminution of its Semidiameter, v. 
* iR 
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if we ſuppoſe the denſer Matter to be a Figure either perfectly Sphe- 


rical, or little differing from it; yet the ſame reaſoning furniſhes a 
probable Phy/ical, Argument, that this is not really the Caſe in Na- 


ture. For in one of. thefe Examples, where the redundant Matter 


was. 2 Sphere with the Radius + of the Semidiameter of the Equa- 
tor, if. we compute its accelerating Force at the Pole, we ſhall find 


it about 4. of the whole; and conſequen the whole Denſity of 


2 
3 


the concentric. Sphere would be to that of che ambient Matter as 


42 to. 1. Proportions which will not, I preſume, be thought very | 


natural; whereas, if the redundant Maſs is a Spheroid fimilar to 

the Earth, their likeDiameters being as 1 and 4, its accelerating Force 
at the Pole will be only 2g 80, and the whole Denſity of the Sphe- 
roid to that of the ambient Matter, in little more than the Ratio 

of 1307 to. 1000. And the like might be ſhewn upon other Sup- 
politions of Magnitude ; whence we may reaſonably infer, that the 
Figure approaches much nearer to that of a Spheroid ſimilar to the 
Earth, than of a Sphere. 16k 1 0 N 


*T'is thus at leaſt that Sir 1/aac Newton *, the Inventor of the 


HY ſypoth eis, ſeems to underſtand it. Speaking of this Maß, he uſes 


the Words paulo denfior ; and, which Dr. Gregory (Prop. 52. lib. 
III.) ſeems to have overlooked; he meaſures, its Attraction not from: 
the Centre, as he might have done, but from the Mazter itſelf; 
on purpoſe to infinuate that he thought it was (at leaſt nearly) ſi- 


milar in Figure to the Earth. 


| I it be aſked, how ſuch a Spheroid could itſelf acquire its Fi- 


Sure, ſeeing the centrifugal Forces were not equal to that Effe & = 


I anfwer; That if the ambient Fluid had been perfectly homoge- 


* Fc ita ſe habent ex hypathefi quod Terra ex uniformi materia conſtat. Nam ſe | 
materia ad centrum paulo denſior fit quam ad ſuperficiem,, Frente Penduborum . 


e graduum Meridiani paulo majores erunt quam pro tabuld precedente, propterea 


guad fi materia ad centrum redundans qua denſitas ibi major redditur, ſubducatur & 
feorſim fſpeftetur, gravitas in Terram religuam uniformiter denſam . erit reciproce ut 
diftantia ponderis a centro; in materiam vero redundantem reciproce ut quadratum. 
arftantiz a materia illa quam proxime. Grawvitas igitur ſub aquatore minor eft 
in materiam illam redundantem quam pro computo ſuperiore; & propterea Terra ibi, 
propter defeftum grayitatis, paulo altius aſcendet & exceſſus longitudinum pendulorum 


& graduum ad polos paullo majores erunt quam in precedentibus definitum eff, Prop. 
20. Lib. III. g 


neous, 
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neous, it might be impoſſible to account for it. But if we conſider, 
that in the Chaotic ſtate, this Flr id was undoubtedly the moſt he- 
terogeneous that can be 8 

central Maſs might acquire the Figure of a Spheroid, find a 1 
Argument why it could not well receive any other. 


Ix that heterogeneous Fluid, one Effect of its Rexolution muſt 
have been to diſpoſe its Particles in .cquilibrio amongſt thetnſclves. 
By which means, the more denſe muſt have taken place nearer the 
"Equator, where ſom? {mall part of their Weight being ſuſtained by 

the centrifugal Force, they might be reduced to an equal relative 

Gravity with. others nearer the Pole From this exceſs of Denſity 

in the Fluid nearer the Equator, would follow a ſtronger Attraction 

to the central Maſs, Which is at firſt ſuppoſed ſpherical, and conſe- 

quently a more eaſy and copious Accretion to it, in the Form of a 
ſolid Body. And the Equator of the central Maſs being once raiſed 
ſenſibly higher, the Cauſe of the greater Denſity of the Fluid there, 

would like wiſe be a little augmented; becauſe now the Weight of a 

Particle would be diminiſhed, not only by the centrifugal Force, but 

by its Diſtance from the Centre of the Spheroid, (by Cor. 2. Prop. 

91. Lib. I. Princip.) And this Proceſs, we may fuppoſe, went on 
till the Fluid was purged of all the denſer Matter, that would ad- 

here to the central Maſs, that is, till it was interrupted by the con- 
tiguity of ſome Matter, lels diſpoſed to quit its fluid ſtate, 


 Svcu may have been the Formation of a central Body denſer 
than the ſurrounding Earth, and perhaps never firmly attach d to it. 
Whoſe Exiſtence ſeems neceſlary not only to the Solution of the Phe- 
nomenon in queſtion, but of another that is of much greater Con- 
ſequence. For one cannot help imagining it to be the fame with 
that Nucleus, by which Dr. Halley ſo ingeniouſſy explains the 
Magnetic Variation (Phil. Tranſa&?. N* 195.) If this ſhould he the 
caſe, and if the determining its . Magnitude is of any uſe in fixing 
the Law of that Variation, then ſhall this Enquiry be found leſs 
ili ſpeculative thay, to moſt Readers, it may at OG appear. 


: 


we ſhall,” in ſhewing: how the: ++, 
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xxviii INTRODUCTION. 
um. : 


NoTwWITHSTANDING the general Agreement that had been 
found between Theory and Experience to give the Earth the Form 
of an oblate Spheroid, the Obſtinacy of ſome foreign Mathemati- 

" cians render'd it neceſſary that this matter ſhould be further in- 
quired into, and in a different Manner than had yet been uſed; | 


Mx. C4as81m7, in tracing the Meridian of Fance from Dunkirk 
to Culliaure in Rouſſillon, had: computed that a Degree of the Meri- 
dian lengthens in going Southward, ſo as to make the Earth a Pro- 
late Spheroid higher at the Poles by about 9 5 Miles. Sir 1/aac re- 
monſtrated ®, © That if ſo, Bodies muſt be lighter, and a Pendu- 
lum longer at the Equator than in France by about half an Inch; 
. and that the Diameter of the Earth's. Shadow from South to 
North, muſt exceed its Diameter from Eaſt to Weſt by 2“. 40, 
a twelfth part of the Moon's Diameter. All which was manifeſt 
« contrary to Fact and Obſervation.” But this could not avail- with 
Perſons who were diſpoſed to cavil. 


Faxe was chiefly the Seat of this Diſpute; where although : 
there are Numbers of Gentlemen too well acquainted with Sir L 
ſaac Newton's Reaſonings, not to allow them their due Weight, and 
too ſincerely attached to Truth to be influenced by any Prejudice or 
Authority; yet ſome, overawed perhaps by the Opinion of two or 
three noted Mathematicians of another Country, and ſupported by 
the Obſervations of ſo diligent an Artiſt as Mr. Caſſini is allowed to 
be, could not be fatisfied with any Reaſon or Experiment that had 
been adduced. At length the KI NO, from a Care of the Sciences, and 
at an Expence, becoming ſo great a Monarch, ſent out two Com- 
panies of Mathematicians, one to Peru, the other as far North as 
they could go; who by actually meaſuring a Degree might decide 
this Queſtion concerning the Figure of the Earth, as being not only 
a matter of Curioſity, but of ſome importance in Navigation, and- 
other practical Arts, 
48 8 
nid. 


_ INTRODUCTION xxix 
For the better underſtanding both the Ground and the Determi-- 
nation of this Diſpute, the Reader is deſired to recollect what hath 
been already explained concerning the Method of Meaſuring an 
Arc of a Meridian Circle, There he will eaſily perceive, that (in 
Fig, I.) if the Semidiameter CA had been leſ, the Arc AB an- 
ſwering to any given Difference of Altitude of the Star 8, would 
have been diminiſhed proportionally z and the contrary, if CA had 
been greater. Now 'tis plain, that a ſmall Arc of the Ellipſe PAzE 
(Fig. V.) may be conſidered as part of the Circumference of a Cir- 
cle; and that the Semidiameter of this Circle will be leaſt, if tlie 
{mall Arc is taken at A, the Vertex of the great Axis; greateſt, 
if it is taken at P; and any where elſe, of an intermediate Mag- 
nitude, greater or leſs as it approaches is or that Extreme. If 
therefore, as Mr. Cafjn: formerly thought +, a Degree lengthens: 
in going towards the Equator, the Semidiameters of the Equi- 
curve Circles muſt increaſe likewiſe, that is, the Equator will be 
at P. p, and the Poles. at A, E. But the Gentlemen who went 
Northward by the French King's Order, aſſure us, that juſt the 
Reverſe of this is true; that the Arc of a Terreſtrial Meridian at 
the Polar Circle, anſwering to one Degree in the Heavens, exceeds 
the like Arc in France by a very ſenſible Difference. 


Ho ſafely the Obſervations of theſe Gentlemen may be re- 
lied on, appears from the above-cited Treatiſe of Mr. de Maupertuis, 
who was at the Head of this Commiſſion. I ſhall mention fome: 
of the principal Circumſtances, . which render their Obſervations leſs 
exceptionable, than any of that kind that have been made. As, 


1. IN the Aſtronomical Part, they uſed a Sector which could be 
verified to the Difference of one Second; and with which they 
could obſerve to a Degree of Exactneſs altogether incredible, if we 
did not know that this Inſtrument was contrived on purpoſe, and 
the Limb divided by Mr. Grabam. cos | 


13 


+, He has, I am told, of late ingenuouſly owned his Miſtake. 


: | Wo. - INTRODUCTION. 


2. Tur bet Stars which they breed (S and — were ſo 


* 


= hb) their Zenith, that there can be no ee of oy" omega 


- the Refr: action of Light. 


3. Tur Difference of Alutude was corrected not only by the 
Eid Equation of the Præceſſion of the Equinoxes, but by that 
new Equation diſcovered and moft ingeniouſly accourited. * by 
Mr. Bradley, in Phil. Tranſ. Ne 406. 9. 


4. Urox repeating their Obſervations, with the Star =, 1 
was a Difference only of two Seconds, from the Angle wy had 


. 


5. IN the ſurveying Part ; the Baſ which Vier meaſured was 
in a Surface the fitteit for their purpoſe that can be imaginetl; the 
Ice of a River 0 at _ Place forms it elf i into a "Hee a 


Lake, 


6. Tuis Baſe yas intiaced with Poles realy of the Game 
length, by two diſtinct FO, who * agreed in their 
N umbers. | 

Mx. 52 Maurzzryrs, in a Diſcourſe 1 to the Royal Aca- 
* of Sciences, ſhews, that in this Operation the juſt Length of 
the Baſe that is meaſured, depends upon the degree of Exactneſs, 
with which the Difference of Altitude can be obſerved, compared 
je that with which the Horizontal Angles can be taken, And ap- 

ing this Theory to his Baſe at the Polar Circle, he finds it was 
PY that juſt length. l 


8. Tu R Angles between the Signals were obſerved with 4 
drant of two Foot Radius, furniſhed with a Micrometer. The Ne. 
nals themſelves were carefully reduced to the ſame Horizon, And 
the Paſſages of the Sun by the Verticals of two of their Signals, 
from which the , Poſition of the Polygonal Figure was determined, 
were obſerved with an Inſtrament conſiſting of a Teleſcope, and a 


Hori- 


5 Pe EY | ; . 
Horizontal Axis upon which jit moved in a vertical Circle; the Mo- 


ments of theſe Tranſits being marked upon a Clock of Mr. Gra- 
ham. The Inſtrument too was Mr. Graham's Contrivance. 


9. Tur Number and Poſition of the Signals anſwered the Con- 
ditions Pag. xiii. They formed a Heptagonal Figure within which 
the Baſe lay, and furnifhed a great many Combinations of Triangles, 


ftom which the Arc of the Meridian, ſeverally computed, was al- 


ways nearly of the fame Length. They put the Caſe, that in each 
of theſe Triangles, they had miſtaken 20" in two of the Angles, 
and 40“ in the Third, and that all theſe Errors contributed to ſhorten 
the Arc of the Meridian. And even upon this ſtrange Suppoſition, 
there aroſe a Difference only of 543 Toiſes. 


Ir to all this we add the known Skill and indefatigable In- 
duſtry of the Perſons who were employed in this Affair; and 
that they were fix in Number, who wrote down each his Obſer- 
vation apart, of all which, when there happened any ſmall Diffe- 
rence, the Mean was taken; we muſt own that nothing better can 


be expected, or ſcarce wiſhed. for, on this Subject. 


Tux Reſult of their Operations was, That the Degree of the 
* Terreſtrial Meridian which cuts the Polar Circle, conta ins 57437. 9 
« Toiſes ; exceeding a Degree between Paris and Amiens, as. mea- 
« ſured by Mr. Picart, (after proper Allowances for the Nefraction 
« of Light, the Preceſſion of the Equinoxes and Mr. Bradley's E- 
© quation) by 512.2 Toiſes.”. And upon this Determinatjon the 
following Tables are calculated. | 


F muſt not however omit mentioning, that, ſince my writing; 
this Paper, Mr. de Maupertuis, upon examining with Mr. Graham's. - 
Sector, the Difference of Altitude obſerved by Mr. Picart, finds it 
is leſs by a few Seconds. But it was needleſs for this to make any 
Alteration in the Tables; eſpecially ſeeing if ever it is thought pro-—- 

r to publiſh them in another Form, fitted for common Uſe, they 

muſt, by the Rules I have given, be calculated anew, or corrected, 
upon the beſt Obſervations that ſhall have then been made. 5 
8 POST - 
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POSTSCRIPT. 


t HE Series given by Mr. de Maupertuis for determining the 5 
| Ratio of the Semidiameter of the Equator to the Semiaxis, 
is this, | | 


BYE Exif Nn IXS. EX —1\* x84 + Cc. == 


FxI+3xm* —1 xs* An $* + &c. 


In which E and F are the Lengths of the two Degrees meaſured, 
S and 5 the Series of the Latitudes reſpectively, to the Radius 1; the 
Semiaxis m, and the Radius of the Equator Unity. From whi: 1, 


EE 
putting D for 1—m he draws the Formula's D EE or 
2ExS*—; 


5 | 
RATA 


Pag. xii. Line 1. dele 10. Pag. xxii. I. penult. draw a Line over eþ+b. And over 1—j* 
lin. 10. pag. xxiii. 165d. for x* put z*, Pag. xxiv. in the Note, for 483 read 387. 


Is Fig. v. fupphy an inſeribed Circle cutting A E in Q, 9. 


MER. 


8 
1 
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ro ; : 1 "x © . = m 
. «a hg 1 - - 4 o 


Applic to the 
rue bicak of the: EARTH. 


I. E Improvement of 8 (Ts one e profecſed De- 


examine how far the Spheroidal Figure of the Earth, reſulting from 
their Obſervations made at the Polar Circle, really affects the Art 
of Sailing; and 1Fthe Tables and Charts now in uſe, ſhall need * 
ſenſible Correction. : 


©1 Plain Sailing, 'tis n bas no Place in 5 Vs. — 
cauſe it does not anſwer to a Round Figure. Great Circle Sailing 
gives the ſhorteſt Diſtances of Places on a Sphere, but not their 
Bearings, nor can agree to any Courſe that a Ship ſteers by the Com- 
paſs, unleſs ſhe ſails in a Meridian, or in the Equator it ſelf. And 
although, by firſt gaining the, Latitude of the Place to which a Shi 

is bound, and then keeping exactly in the fame Parallel, a Port w 
Situation Eaſtward or Weſtward is known; might be found with 
great certainty; yet this Method is both tedious and indirect. The 
. true Sailing, to * 1 and Charts muſt be op. 
ing 


"ut 


x l ; +4 "i V. 8 _— 7 1 | i 7 i 52 2 
5 ö 2 8 - 4 5 f 133 1 % ; E 3 * - * 8 Px \ 1 7 * 
N 4 A 4 4 2 1 4 8 
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» * » . 
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ſign of the late painful and expenſive Undertaking of the 
French Academicians, I thought it might be worth while to 


— * — - 


2 e 0e e Ee dents / 7-9 


2» Charts 7 * * n to . . Form 

ible, 1 that is, ou at to be. projected by Strait Lines only; in 
9 5 a Projetion, if the Degrees of the Equator and its Parallels, are 
made all equal to each other, thoſe of the Meridian, though they 
were .in themſelves equal, muſt be repreſented 7 LAWS * 


* 0 i 1 to the Pele. 


Tux Hiſtory of this uſeful Invention, 8 "as ” wie) Im- | 
provements it had received, may be ſeen in the Philoſophical Tranſ-. 
actions NY 219. where Dr. Halli) gives the genuine and moſt ex- 
peditious Method of conſtructing Mercator's (or rather Mr. Wright's) 
Table of Meridional Parts; deducing it, in his Maſterly Way, 
from the Property of the Logarithmic Spiral, and ſhewing that 
the Nautical Meridian Line is a Scale of Logarithmic Tangents of 
the balf by ls eval of the Latitudes, Mr. Cotes demonſtrates 
* ſame, b R Wand of Ratios. (Harm. Menſur. P. 20, 2 . 


Asp Mr. Grehrge © cunpbel, in a Manuſcript which I hanger 
20 Years ago, layin 82 1 e the ona _ uſes } | 
ads La. g 


an b59 | 1 E I bf A. bb pt 


Let QL (==c) be @ Circular Arc, whoſe Complement 15 LP; he 
L be ir Cine; and LT, PT, Tengents at L. and P, 
meeting in T,. either of 'which'(t) will be the Tangent of + LP; 
Den , the \Flaxion of the Arc QL, will be to the Fluxion 
Tao pra t, e ee LS is u 


3 D dens TAT. n ee 


4151 1 moe dite the Place 7 till the Arc QL i is nvtreatod. by 
| the Quantity LI; at I draw the Tangent J 7, interſecting PT, LT 
. of" ſo ſhall: r de the — of the Tangent FT, an- 


3 ſwering : 


* 


8 8 

ſwering to the Increment of the Arc LI. And from x as a Centre, 

through T and V Deſcribe the Arcs Tu, Jg, cutting It, LT, in v and 

9. Draw alſo the Semidiameter KL, which put equal to Unity. Then 
| xT © © end i | _— 1 ; 


will x /: 71: * ＋T Tv == — But if 75 is ſuppoſed to move 
back into LS, the Triangle Tiv will at laſt be-reQilinear,- La- Leg, 
that is, z lx will be L or c, re (by Cor. 1. Lem. XI. Princ.) 
and xT=f. Whence Ty == _ "= x #, But, by the then ſimilar - 

"Triangles LKS, Tev, LK Is (or 1: s) 2: Tt: TN * Tt; and 
therefore 5s x— 7 == Fx c, or C: 7: 25 25 hg 


5752 


PR OB L E M I, FI. 2. 


Given ABC the Angle of a Ship's. Courſo on & Sphere, with the Dif- 
ference of Latitude Ap, to find CK. the Dif ence of Longitude, 


- » A 2 9 
\ $0LV TION». / 
#. a 4 * - 2 inne 1 4 * p we*- 4 


LIT PER Z be the Meridian, and AK the 
Ship ſets fail, 8BL. the Parallel where ſhe is arrived; Br, br, Ce 
the Fluxions of that Parallel, of the Ship's. preſent Latitude, and of 
the Longitude reſpectively, and the Semidiameter of the Sphere U- 
nity. For the Coſine of the Latitude Kg, that is, for the Sine of 
the Arc LP put , and for the Tangent of LP, write 1. Then 
will Ce be to Br, as the Semidiameter of the Sphere is to the Se- 


miqdiameter of the Parallel 2B, that is ===. And Br 75 r: 
ee, eee 
he Lomma == . whence Ce * =. But if for the 


Tangent of half the Complement of the Latitude AK, from which 
the Ship ſets out, we write T, then it is plain that when * 


* * 3 N N 1 1 1 
„ "IC. : 
# 


B 2 


WS: 


4 MEROATOR: SAILING: 
the Fluent of - —5 r ＋ 7 ought to vaniſh . Whereas 3 it is 
then = $f - x FL. 2 This therefore kubtracied, cK will be 321 


ah 2 W 12 1 23 7 in 


2 * F 7 F —= aches Difference of the. + Hypatbolic Logarthms 
of 'T and t ure ri 2. = 20 | 


i 2 
Ss. 


Coro OL. 1 75 1 


— A; is 2 * | as Equator) then D Rad. and the Dine. 
e eee will be =. 


: 2 tis x 


e ROL, I: 


gor bros k now the curvilinear Triangle 4 BC is to be protracted 
on a Plane (Fig. 3.) where a right Line CD divided into equal Parts, 
ſhall repreſent the Equator and its Degrees, and Perpendiculars to it 
(CP, Q, &c.) The Meridians (CBP, KAP, &c.) then as the Sine 


of ce TOs TV: 1 Abi: : CB===x &C. 


+41 | Wherefore NA. 


Whenebii d endet, that the Gag of Latitude will be rightly 
marked on the Meridian, LA a "_ is imagined to ſail from. the E- 


guator at an Angle of 45* ; and if the' Longitudes. anfewering to the 
Fin Io Dis ie ar which. yk arrives, are ee on the Me- 


* b 
wes 2 


A. #3 


But a C'was ſhewn = = == x | 


. . 


* I the! ame Paper Me Comte! g ivesa 1 curious Theo: 


rems and Rules derived from this Glatten, ſome of which are in- 
tirely new): But this is all I can recollec of. erage; A the 
1s e for oY ffn . | 


F * * 7 4 FS ®, = 4 n 8 . - * , 4 

n * 14 1 : : ; k N * . 0 ”, N , # #4 

5 * * 3 * bs ach ; 1 ; I | : : , . J 3 

2 9 4 N A ing A 20 - —_- - W * * « S. „ 7 1 £4 . * 
. > =o * a £ ws + a 
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Applied 7⁰ 65. true Figure of the Om 5 


PROBLEM U. 


Da Fig. 2. now repreſent a Spheroid, generated by the Revo- 
lution of an Ellipſe round its leſſer Axis PZ; the Semidiameter of 
whoſe Equator, KE is Unity, and its Semiaxis KP==a. And let 
it be required 70 &vide the nautical Meridian Line of this Spheroid, 
or which is the ſame thing, 70 r the Longitude aC belonging to 
any. Latitude KB, in a Courſe of 45. 


SOL 1 T ION. 


TK ET LI, an „ to the Axis from the Parallel 2 the | 
Ship arrives be called z, and the Abſciſſa PS, y. Draw the Tangent 


LM, and put 76, or Lc, C; then the Equation to this. 
Ellipſe being z* — =, and ja x  T—2?, it will very 
cally appear, that the Subtangent SM =— 7. — F 
F VOID ; og: be 


i 


But ?: — : 


ting 2 = 1-4 :: SEE: ES ; or SHEA 


N. But by a like reaſoning as in Prob. 1. v = 


If therefore, for & there be ſubſtituted its value juſt now found, 
expreſs d in a Series, and the Fluents be taken, putting likewiſe / 
for a hyperbolic-Logarithm, we ſhall have v () = - | 


2 2 1 


A- IE 2 — 82 „r eee rar 2— Se. 5 

A tit + wel toe and Þ+ vid + v3 + &c. 
ee erf + A e rf + Of. 

R eee eee 

N rer T e Þ+ Sc. 

| rer + wine? + Sc. 

"I 1 | N + 3073340 Oc. 
; | Ge. ; 
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Where A ſtands for the Value of the Series —/. 2 = x 2* &c. 


when z becomes w_ to the Semidiameter of the wana with 
the Signs changed. 


. | Conor, 1, 
8 i. e. if the Figure is a Sphere, Gate wat 


ing the Terms whoſe Coefficients 3 enters, will exhibit the com- 


mon Diviſions of the Meridian Line, and will wa (Cor. 2. Prob. I.) 
l. R. 7. 


Ir the Sign of qi is changed, it will give the like Diviſions for 
a Prolate Spheroid. 


Ix r, RI z is the e of a «logarithmic till, 
deſcribed on the Plane of the Equator, . 5 1 
Ax, in General, the ſame Method may 3 to any Fi- 
* r 1 the e of a e ae an . 


Ca: or. II. 
+ 


X SETTING 8 0 L. z, for all the following * in the ſame 
Line write g, and for the remaining Terms of the Series, which 
are affected with 9 and its Powers, put 5. For the ſame things 
put I R, G and H, when z 1; then will vx=R--G—H—/z 
=. But (by Cor. 1.) if = the Tangent of + the circular Arc 
whereof 2 is the Sine, then will J R--G—/. RAF; or 
I. S4 g. nf which added to the T4 Equation, x gives 
vans. R—.i—H=s. 


- From theſe Curdllaries a 7. bl of Meridional Parts for the Sphe- 
reid my be * by the following Rules. 


— 


nee * Figure of che Barth, 1 


| 1. 

nee A Obſervations nas have been made, find the "I of 
the Spheroid, 1. e. the Value of ; which, according to Monſt. de 
en 8 Kd, will be nearly 022, | 


127 


{Sou a any Ames Latitude LMS (Fig. 4) whoſe Sine * Co- 
ſine, to the Radius 1, are 8 and , find the Ordinate L S==2 ; 


which will OO be EE 


_—_ : 


III. 


A PPL v, in the circumſcribed Circle QazE, Ar Pau and 
rallel to LST, and by Prob. 1. that is, by Dr. Halley's Rule, find 
the Meridional Parts for the Latitude QA, or for the Angle A mD 
(which in an Oblate Spheroid will always be leſs than LMS) and 
from theſe Parts ſubtract H , reduced to the ſame ren 
"ow nana aches, Se. of een 81 18; 


IV. 
| S iI L I ought to ſet down the Method of colmpuiits the H—b; 
for in the common way of ſumming up the Coefficients that Rand 
over each other, and multiplying them into the reſpective Powers of 
, it would be quite impracticable, the numeral Coefficients of 4, g*, 
Sc. converging fo ſlowly. Belides, it would be neceſſary when a 
approaches to Unity, to uſe another Series. 


I conſider therefore any part of H—b that is affected with the 
fame Power of 9, as the Area of a Curve. And it happens, in the 
preſent Caſe, that all theſe Areas are aſſignable in finite Terms; and 
that being ſo ſmall, two of them, viz. which belong to 9 and q* 
are almoſt always a ſufficient Approximation. To find, for Exam- ' 
ple, that Part of H—b which is affected with q* ; I write down 
the Fractions — -; —, whoſe Numerators are the Unciæ of 


Sd, and the Denominators the cdd Numbers in an inverted 


Order; the Signs being 3 +, +, as the Index of q is even 
or 


. "co. Ps, . , % 
I» 8 ls WA Rt I - * ? 9 41 * 
3 2 N x & III. : _ h . 
* * rr + es. Bo 8 * = 
SOOT ED wm 93 ps Fog I a . \ 4 - 5 pk : . : — . — 
a . . . 4 B DE Ts n N 
5 JJ OOO i EC TN 3 : 
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or odd. To theſe Coefficients I affix &i, a, x*, (having made 
 X=I—2*) where the Numerators of the Indices are the Denomi- 
nators of the Contents, and the conſtant Denominator 2. And I 


have —ix*-+5x —x:, which. multiplied into , the Coeffi. 
cient of that Term of N from which the Part required was 


produced, gives — r? x —3x* +3x—1 xx* for the Area ſought. 
Tn like manner the Area belonging to 9 is — 27 * — N bel; {1 
that of 7 1s — x Ali 7 X —1 r x K*; Wk of 95, 
11 = gx K 1 1 xX5, Ge. 


N. B. When 2 is ſmall, if it ſhould be thought convenient to 
4 h ſeparately, i it may be obſerved exe H is equal to the Series 


ee ner ka LE ==.01 1040692. 


Ons if, in the fame Cale, © one would calculate the 1 
Parts immediately from the Series, G (rr. = 


26931 47. 2 


r 
85 ** 
p< 7h 
5 
— 
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Applicd to the true Figure of the Ea. 9 


 Copruftion of Tanus III. 


LO K QE ( Fig. 4. ) the Quadrant of the Elliptical Meridian 
I write Q. And let LS () be the Semidiameter of any Pa- 
rallel of Latitude; then, from the Solution of Prob. II. it will eaſily 
appear, that the Arc „ s 
—_— — 72 — 752 — f — Ar 2 
| c Fane ©, 
ere rf rf fc. 
Trrrf rr - 
| rrrrf +3 
Bo r here, for the like Reaſons as in the former Solution, it will 
be Sage © lynt Ops Fern as. OOH. to" e 5 


Txu firſt Line, ſetting aſide Q, is the circular Arc whereof the 


Fox the Coſine of the ſame Arc write 5, then will the ſecond 
Line (i. e. 49 KF: 25 x 1 ) be 29 A= (==$q4 x B.) 


Amp the 4ch is 49% gs, c. All which is plain 
from Mr. de Moi vres 510 Theorem of Quadratures in Philoſopbi- 
cal Tranſattions Ne 278. And thus the Arcs QL may be computed 
with all imaginable Eaſe, ræmembering only that the Parts expreſſed 
in 2 and y, are to be reduced to the fame Denomination with A; 
which, if A is exprefled in Minutes, is done by multiplying them 
into 44 en 1 


* 


ee Mas e 1 
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IV. 
2 that is de whole Bllipiici Quadiant „ in this Method? 
foun 


at once; for A is now the S b a Circle, and the 


ve * vaniſn. e N U TO 
2 N . * * 1 * ; l 2 4 54 


— de 
woe - ba * 


OR if you would com pate Pl Men 0 of Q, which is con- 
venient when ü is ſmall,” the ſame Expreſſions will ſtill ſerve; 
obſerving only, 2 565 That 2 and y now change Places, v. g. The 


third Line is now 37 x 3B—+y*2z, and fo of the reſt, Secondly, . 
That the Sum of the Parts | affected by 9 is not to be ſubtracted from 
A, but added to it. Mirdly, That this laſt Sum is to be di LIM. 
niſhed in the Ratio of * | tap Axis to the lefler. pier nba 


11 se L. 


v2 3H l, nd Anh P degenerates into the Since . * 
and the Equation in Ne IV becomes 


; Bene Chg e I- Xx = N ET X EX& Oc. 
o. A- =p Bat Ee 2 Zo eds r 
But the Series + += 6 _ Ae. fed by the Scholium - 


of the 11th Pp det af Mr. Sterling Mecb. Differ. is 
| 3633803, god 1—.3633803 (5. e. yay» age I :: 1: 1.570796 
A3 


ws OT moms 0.5 Cage 2.4. BE e 
$ g „ 1 ö „ 
J - 42 ; sen ou il 1 . 


. meet ables. Thaw put: e ks. the Dili: 
of 4 Squares of the — equal to . 022; Weh 38. 
a 4 TEES. Surveys 


. Applied 70 rde true Hgure of the Earrb. IT: 


Surveys tnat have been made, muſt be very near the Truth. “ But if 
there were any Survey, eſpecially near the Equator, of equal Accu- 
racy with that of Monf*. de Maupertuis, to which his could be 
compared, then g might be more preciſely determined. And in or- 
der to this, his Rule (Fig. of the Earth p. 167.) would ſcarce be ſuf- 
ficiently exact. The two-lingll Error which his Methods involve, 
would then diſcover themſelves One, That the Degree in the Mid- 
dle of the Arc meaſured, is to be rated hy the Lengtli of the whole; 
the other, That this Degree i is an Arc of a Circle, The Way of 
procceding would then be, Firſt, To approximate to -gby Monſ. 
de Maupertuis's Series, (aking in, if yow- will; another Term of it.) 
And then in the Spheroid tſius determined, to compute (as in the 
Conſtruction of Tab. III.) the Lengths of the whole Arcs meaſured; 
. noting the Differences between the computed and meaſured Arcs. 
And having repeated the like 9 with another 9, ſomewhat 
nearer the Truth, you might rom theſe Differences find, by the 
Rule of Pofition, a 9 that bew on the Bog 0 70955 
Arcs of the fame EL 2 | 
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80 0 much "4 the Gb ; i remains now = ew 
Figure of the ee e ee, abs 3 e 18. 19620. 


Princ. Newton. 
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. USE r of th TABLES, 


7 a Ships Courſe ; alli in the ſhe Meridian, Queſtions concern 
ing it are ſolved by Inſpection of "Ta I. or at moſt > Sub-- 
enn, | m_ is only to be noted, 


Nit, Tn ar the Total Difference — i thiakrgy ibs: the! 
Sphere and Spheroid, reckoned from the Equator to the ſame La- 
titude, is greateſt at near 553 becauſe there the Radius of Curva- 
ture: is equal to the Semidiameter of the Equator. Afterwards this 
Difference PRs | till at e it an in n n ne 
30 Minutes. | | . 


| Secondy,, Taar yet 5 Ratio. of. KA SE de whole. 
Courſe, is perpetually * from the Equator; where it is for 
the firſt er, at 55" FIT» Na at the Pole no more than 


298 | 
2 — 1 1 . . f | 1 f , 4 * 24 N JE 7 8 3 
2781 · TC 2 ene 43 £4 115 4 As 2 


Wirah, Oourſes, the Differences of whoſe extreme Points are e- 
quidiſtant from the greateſt Difference, are the ſame as if per formed 
cn the Sphere. As in failing from 45*-to 65? : If one Extreme 
is nearer the Pole, the u is: lenghtned.; if towards the — : 
it is ſhortned. 


5 oat; 8 
T AB. III. muſt likewiſe be uſed in in the Reduction of the rectili- 
near Rumb-Lines on the Chaxt, to the Di ces run. 


7 
e 8 


* Ig — * bs 

"WM 
I x Eaſt or Weſt Courſes, fay, As Rad. to the Semidiameter of the 
Parallel (in Tab. II.) fo are the Minutes in the Difference of Lon- 
gitude to the Diſtance run. Or if the Diſtance is given, ſay, As. 


the Semidiameter of the Parallel to Rad. ſo is the Diſtance to- the 
Difference of Longitude. 


; ow”, 
* s 
E. 
P - 


App phlied to the true Pigure of the Earth. 13 
RESs UVMIN o the Symbols 2, 3, L, 9, and putting D for the 
Diſtance failed on a Parallel of the Spheroid, and 4 for that failed 


on the fame Parallel: of the Sphere, the common Difference an 
of Longitude being L, it will be &: 2 Foe d, and 2—ZE : 2: 


D 4: D. But becauſe it Was 2 = 7 FE the Ratio of er 
to 2 will be 1—\/ 195") Z and this when greateſt, - 1. e. when 


l, is 1—4/.978==.01106, So that Dd can never much ex- 


ceed a Rane Nat of” the whole Diſtance run. In like manner 
it is ſhewn, that, to the ſame Diſtance failed on a Parallel of the 
Sphere or Spheroid, the: Differences of Longitude cannot differ by 
much above 289 Of that belonging to the Spheroid, - 


III. 


To. find-how the- Spheroidal Figure of the Earth affects ie | 
* from Tab. Lott: | 


LzT 0 gs Fig. 5. ) repreſent the Equator of the nautical Chart, 
or any Parallel common to the Spheroid and Sphere; KH any other 
Parallel of the Sphere, CG the fame Parallel of the Spheroid, EK a 
Meridian, and CK the Difference of meridional Parts. Biſſect CR 
in M, from which raiſe MR perpendicular to it; and from C, at 
the Diſtance ME deſeribe an Are interſecting M R in R. Then will 
R be the Centre of a. Circle K CA, which paſſes through K, C, and 
touches EQ in A; and. the Angle CAK will be greater than any 
other CBK. made by Lines drawn from C, K to a Point B in E 
that is. not the Point of Contact. That is, AE thus determined, is 
the Difference of Longitude of. tao Places A and C, which. ought 10 
be aſſumed to make the Difference of the Angles of the Courſes on the. 
Spheroid and Sphere the greateſt poſſible. But becauſe CK is in- 
conſiderable in reſpect of, CE, AE may be put EM. Thus if 
EQ is. the Equator, and CG. the Parallel of 45%, AE will be 
 =3004; and the Angle CAK will be found to be about 3071 
greater than it would have been upon the re of pay other-- 

Difference of Roh. wg EB. | 
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To compare the Angle CAK with another (e a #) between the 
Equator and any other Parallel ; from A as a Centre through C de- 
ſeribe the Arc CN, 3 AK in N; and it is plain. the Angle 


CAK will be proportional to . But becauſe ſo final an Arc may 


be conſidered as a right Line. and . ARE, ACE 0 
much different from half right Angles, <N a will be nearly as = 


And ſeeing S 85 in its greateſt Magnitude at the a is only . * 


1. e. the Ratio of the Difference of the Semidiameter of the Equa- 
tor; and of the Radius of Curvature, to that Radius of Sen dt 

3 follows, that the Difference of the Angles of "th Courſe, which 
at 45 was 30, can never riſe to above 38/, 


"In the fame Figure KN (Kn) will "EO the Difference of 
hs Diſtance failed, and will be to the Difference-of a Courſe that 
lies all in the fame Diexdian, 4 Be as * ge of KAE Wu) 
to Radius. 


105 hi * co N C LU s T ON. 


* 
* 


FRO an which | it appears, * that the Bd in en ari⸗ 
: 1 from the ſuppoſed ſpherical Fi 1 55 of the Earth, are not ſo 
conſiderable as might have been appre ended; yet, ſmall as they are, 
I. believe no good Reaſon can be given why they ought not be cor- 
rected. In the mixt Sciences, one Part ought not to loſe” =—_ Accu- 
Tacy. it can have, becauſe the other 'Parts are incapable uite ſo 
-much. ' Hfpwever difficult it is to take an Ae at 99 | 
ſteer a Ship's Courſe, yet a Sea-Quadrant would hardly be — 
* whoſe Diviſions were generally wrong by 10 or 20 Minutes, 
ſometimes by half a Degree; nor a Chart in Which the Latitudes 
and Bearings of Places were ſo much different from what. 
ought to be, and whoſe Length ſhould perhaps be an Inch. tos 
much in proportion to its Breadth ; yet the Errors in the Tables 12 


— see the Preface to Maupertuir's Figure of the Earth determined, 3 


Applied to the true Figure of the Earth. 15 


Charts now uſed, are equivalent to thoſe. Nor is it a good An- 
ſwer to this, that in the Practice of Sailing, greater Errors ſtill are 
unavoidable. For if a Ship's Courſe is at all regulated by Tables and 
Charts, whatever theſe unavoidable Errors are, they will happen 
ſometimes to be increaſed by the whole Error of the Chart ; and 
the Sum of two Errors may be fatal, where one Error alone would 
not have been ſo. 1 "IT. 


Fome 


A 
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Some other Consrquences of the Earth's Sphe- = 
p< Toidal Figure. LOTS 
ings purely Geographical, the Earth may be conſider'd as a 
perfect Sphere; for Inſtance, in the common Stereographic Pro- 
jection of the Globe, where it is only required that the Longitudes 
and Latitudes of Places be juſtly marked, it would be an idle 
[Refinement and a ſpoiling the Elegance of the Projection, to ſub- 


ſtitute Ellipſes for Circles, although the Difference of the Earth's Di- 
ameters was much greater than it is. 


'Bu in that Orthographic Projection which is made, or ſuppoſed 
to be made, for the eaſier Calculation of the Moments of Solar 
Eclipſes, the Caſe is perhaps different. Were the Theory of the 
Moon compleated, the Differences of theſe Moments (of Begin- 
ning, End, or Total Obſcuration) on the Sphere and Spheroid, 
might be, in ſome Circumſtances, not imperceptible. 
1 
ASTRONOMERS will likewiſe conſider how far the ſpheroi- 
dal Figure of the Earth may affect the Determination of the Sun's 
Parallax from the Tranſit of Venus in the Year 1761. 


* 


TAE Parallax of the Moon, at a given Diſtance from the 
E Center of the Earth, will be greateſt at the Equator, leaſt at the 
Pole,: And in any given Latitude, as at L (Fig. 4.) if perpendicu- 
lar to LC, the Radius of Curvature of the Meridian, there is drawn 

through the Center the right Line AB, interſecting it in C; the 
Moon's Parallax at that Latitude will be to her Parallax at the 


* Newton Princ, Lib. III. Prop. 20. 


_© Equator, 


* 
Applied to the true Figure of the Earth. 17 
Equator, as LC to Q. And in Lunar Eclipſes, one n of 


the Earth's Shadow will be diminiſhed in a Ratio, _ e 
from the Sun's Declination at the time of the Eclipſe. 


III. 


Tur ER E reſults likewiſe from the Earth's | Chania Ee, a 
5 ſmall Parallax of the Moon's Azimuth and Right Aſeenfion. 


In Fig. 4. Let LG repreſent the Interſection of the Prime 3 a 
tical of the Place L, with the Plane of the Meridian; and XY the 
| like Interſection of a Plane paſſing through the Centre of the Earth, 
and parallel to the former. This laſt we may call the Rational Prime 
Vertical, and the former the Senſible. Now, becauſe not only a 
Semidiameter of the Earth, but even CK the Diſtance of the Prime 
Verticali, bears ſome ſenſible Proportion to the Moon's - Diſtance 
from the Centre K; if we ſuppoſe the Moon's apparent Place to be 
due Weſt, i. e. That her Centre is in the Senfible Prime Vertical, 
ſome ſhort Time muſt intervene before it is in the Rational Verti- 

cal. And by the fame Time will the Moon's Centre have paſt the 
Rational Prime Vertical on the Eaſt, ere it arrives at the Senfible. 
But from the Species of the Spheroid, and the Latitude of the Place 
given, the Ratio of LC to CK is given allo ; 4 „ As LC 
to CK, ſo is the Moon's Horizontal Parallax to that of her Azimuth. 


Tuvs if w we put the Latitude ofthe Place df. and the Moon's 
horizontal Pa 57/3, or 3450", CL will ==9944846, and 
Cr 10610, and "the Parallax of the Azimuth 38". 


On if this Parallax is to be computed in Rig bt Aſe enfion : Suppo- 
fing, firſt, that the Moon has no Declination, fay, As LC to Q. 
that is in the preſent Caſe, as 9944846 to 10000000 : : io is 
f 3450": OR == the Moon's horizontal Parallax at the Equator 

as M to KF (i. e. 10000000: 156426): : ſo 3469" to 54 
an Parallax in Right Aſcenſion required; which is in _ 39.6. 


D | | Ir 
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Ir the Moon has Declination towards the elevated Pole, 
ii Part of her.diurnal Arc is intercepted by-the two vertical Fans - 
produced: For this will be — of right Aſcenſion required. 


In other Verticals, the fume Mile is to be obſerved, only it is to 


* 


4 


be remembred, that the Diſtance of the rational and ſenſible Verti- - 


cals, which is the Meaſure of the azimuthal Parallax, decreaſes 2 5 


the Sine of their Inclination to the Meridian, and in the Meri 
Itſelf vaniſhes, A / 3 TT 461 


ry Kd * l 1 gh 60 ec * 0 Wo: 15 8 | ; a + 
1 Moon's Per could! be euch; calradarolaiadcal 


5 4 


true Figure of the Earth might receive a new Proof from Aftrono- b 


mical Obſervation. And much more eaſily might the Opinion of 
Mr. Cain and his Friends be confuted; - Fer as they imagine the 


Earth to riſe mote than twiee as high at the Poles, pas it realſy does at 
the Equator, we may ſuppoſe in groſs (for I have not calculated it) 


that this would give a Parallax about double to that wllich we have i 
determined; an which might ſometimes riſe to above 2/"in right 


Aſcenſion; or 8“ in Time, of a contrary Denomination: ;\'becauſe 
te Scnfible dhe rages would: now falt on the other fico-of die Re- > 
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4 L TH 0 UG H the Uk be theſ e In  Navigatim bas" been 
above explained more generally, and, tis hoped, to the Sati faction of 
the Mathematical: Reader; yet 1 the ſake of ſuch as are concerned 
only in the Practical Application, I have thought ft to ada what 
Met | | 


075 th chm 1 4 Nautical Chart 70 . s Spheroid 
"OOH of the Earth” | | 


1 18 an e differs 005 Mercator's 6 which is to be 
found in moſt Books of Navigation) in this only; that in 
laying down the Latitudes of Places, inſtead of his Table of Meri- 
e 766, I. in 19, be uſed, Wo I 
©. Tavs, in Fig. 3. 11 A, 8 We oj, whereof che wit is * 
the Eguator, the other in the Latitu 12% North or South) che 
Difference of Longitude (AC) being 5*. 30/; from any convenient 
Scale of equal Parts, each of which may 'repreſent® one Minute of 
Longitude, I ſet off AC=—=330 the Number of Minutes in the given 
Difference of Longitude ; = from C having raiſed CP perpendicy- 
har to AC, from the fame Scale, I take in it CB=—=y709.6, the me- 
ridional Parts for the Eat: 12%, (a bove or! below AC, as the La- 
titude is North or South.) Then having joined A, B. the Line 
AB will repreſent the Rumbeline between the two given Places, and 
the Angle ABC their Bearing,” VER the e of y ge” in wi 
from the one to the her.. i 39 a 


I A is in the Latitude 16, B in the Latitude 250, (both 
North) the Difference of Longitude being 57. 30“ as before; from 
1649.1 (the meridional Parts for the" greater Latitude 2% 1 ſub- 
tract 95 L. 8 (the meridional Parts for the leſſer 16° and make CB 
equal to their Difference 697.3. And AC is no r oy _ 96 | 
tor, but the Parallel of 16 North Latitude.” 


E 2 | * 25 8 23. # oy a * 


* 
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Ox lafth, If the fame things are ſuppoſed as in the ing 
Caſe, ah this Difference, that A is on the other Side of 8 ; 
tor; then will AC be the Parallel of 16* south Latitude, 480 
CB will now be FR n 5 e 8 that is to 


2601. 


Ir, in theſe three Caſes, the Lengths of CB had been and by 
* Mercator's Tables, they would have been 725.3, 710.8, 2656.2; 


oxeceding the former by. 15% 13.5. 58.2 Nr 


Iꝭ the Gme manner from the Longitudes and Lak, given, 
having marked every Port, Hand, Cape, Cc. which falls within 
the Extent of your Chart, the Sec of ſuch e 
A Line AB joining any two Places, will make with the Meridian 
an Angle ABC, equal to a Ships Courſe from the one Place to the 
We 3. 6: the Angle wherein the Rumb-line muſt cut every Me- 
_— bing A which EM OR 


Two Lines, Paal t to » the e Aan throug h the FEM 
Places A and B, and continued till they meet the (gr Fee E- 
quator, or the top or bottom of the Chars (where the Degrees of 
Longitude are Wevic⸗ marked) will intercept a Diſtance 4 as AC, 2 
equal to the Difference of Longitude of the given Places. Hog 


Re d) * WAA Sa) 7 4 IH; i a A 41 
* [Two ' "tg i, A * B, IRA to PE A Net con- 


tinued- till they: meet the Eaſt or Hef Margin o 2400 will 
there intercept-a Line equal to CB; and ha R 
marked on that Margin, will ſhew the Difference of Latitude a of 


e Heng md 


on 
_ 


i, IV, 


* = 


"Sie an 8. 


Tu Line AB, applied b to the Ba as to a Scale, will not 
 immudiately ſhew the frue Diſtance on a Rumb-line between A and 
B, but, by means of it, that Diſtance may be found. For the 
Line CB is not equal to the Arc of a Meridian between the Paral- 
lels of AB, but only an Artificial Repreſentative of it. In like man- 
ner AB is not the natural, but artificial Diſtance on the Rumb be- 
tween, A and B. But as AB and CB are increaſed, above their na- 
tural Magnitude: in the fame Proportion, if a Line (L) be taken in 
the ſame Ratio to AB on the Chart, as the natural Length of the 
Arc of a Meridian, intercepted by the Parallels of A and B (to be 
found in Tab. III. ) hath to-the 2 Length CB; Th Line (L) 
applied to the Equator, or to one of its aan on the Chart, «ll 

ew the true Diſtance required. 


PRACTICALLY thus; In CB, take Ch equal to the 8 
Length of the Arc of the Meridian between the Parallels of A and 
„ and through & draw 64 parallel to BA, meeting AC in a, fo 

Il ab be the natural Diſtance i in the Rumb-line. 6 El. 4. 


3 * theſe Remarks, the Queſtions uſually propoſed in ne | 
ter's Sailing, may be ſolved either upon a Chart, or by a very ſim- 
geometrical Conſtruction. As allo the Reaſons of the following 
nmol Salut ien may be MY) Udo. 


Arithmetical Solutions of the Cafes of Mexcartor's 
Sailing, on on the Spberoid of the Earth. 


\HE Quantities which can enter into a Queſtion of Mercater's 
Sailing, are no more than four, viz. The Difference of Lati- 

tude ; the Difference of Longituae ; the Angle of the Courſe ; and the 
Diftance ſailed, For in the Triangle ABC (Fig. III.) the . 8 


Fd 


% MERCATOR: SAILING! 


Cisa Right-Angle, and CAB is the Complement of ABC, the An- 
gle of the Courſe. Setting aſide theſe two, there remain BC, AC, 

ABC, and AB. Any two of which being given, the other two 
may be required. © Whence there ariſe, in all, fix Caſes of Mercator's 
Sailing ; for the Combinations of two things in e IS But here 
it ed, TRANS H 


» * 
g o 
a: 
: 


Ta Ar | ky the aver of Latitide i is ſaid to be given, it is 
underſtood” that both Latitudes are known; and when the Diffe- 
rence of Latitude js fought, it is underſtood that one Latitude is: 

wen with the Poſition of the other, becauſe otherwiſe it could not 

known to what Part of the Quadrant the Difference of Lati- 
fude (whether given or ſought) did belong; and therefore, in this 
Method of Solution, the _— would remain altogether indeter-. 
minate. 


1 
I 


1. | 


ONE of the fir Caſes, juſt now Mat is not to be ſolved 
in this Method, viz. When from ab, AC (che Diftance run, and 
Difference of Longitude) given, it is required. to find cb and ABC, 
the Difference of Latitude and Courſe. In Plain Sailing the Solu- 
tion would be eaſy, becauſe ab is not there different from AB; but in 
Mercator's Sailing, ſeeing ch is unknown, its Ratio to CB will be 
unknown likewiſe ; and therefore the Ratio of ab to AB, and the 
Line AB it ſelf. Whence the Triangle ABC cannot be conſtructed 
nor reſolved. The Caſes therefore! of Mercator s Sailing to be re 

reſolved, are the 43 * 


* 


Applied to the true Figure of the Eb. 37 
NN 


Given tht Difference of Latitude, and Difference of 
8 to find the Courſe and Diſtance run. 


EXAMPL E. 
| Lat, of A, . 38* , Merid, Pe 2 oP 
'N Lat. of B. 52 . . Merid. Pts - 294 | n 


1. The Courſe ABC. 
( hence BC diff.. ES 2. Diſtance (AB) ab. 


Lac (Diff. of Longit. J=432 = 2580" 
1 BC: AC „ Tang. ABC. | 
22128; 25805 100000 : 121241==Tang. 50˙. 29 n 

95 1341162 og. 2580 “Log. Rad. 
Ls, me 3.32797 Leg. 2128 
Diff een Tang. Nl 

N: Sec. 507. 29. i RT IO 

2: 2 100000: 1571585 22128 : 3344== the Artificial Diſt. 
To reduce which to the natural Diſtance ; from the Number of 

Minutes in 3855 which (Tad, III.) is 2240, take the Number of 
e in 3. which is 293, there remain 1947. Say „ 
C $323, AB: abt 
21282 1947 23344: 3059=the Diſtance required. 


Given), 


* : 
. 4 Ls. . N © * ry * 
4 9 & : 5 Li © x SERINE LY k . ; 
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1 # Þ 
= 
4 „ 8 * . 


nden the Difference of Latitude and Courſe; 20 fad 
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CASE II. 


te Difference of Longitude and Diſtance run. 
EXAMPLE. 


8. Lat, A. 25. Verd. Po. . 1518 
IN. Lat. B. 30*. . Morid. P. . . 1850, NE 


Given 5 r * (AB) ab 


(Whence BC=Sum. . . ne 
The Angle ABC AT 


r 
oh Homer awe 3368 314% = 520 ö rb 'of 
Longit. required, 


67721 — ke 3368 „ 
By — 9.96966 = Log. Tang. 43“ 
13. 49702 =Surh—Lbog, Rad ET N 
2. To find (AB) ab, fay, as in the former Example, | e 


pr R: Pe by $ BC AB 
7 100000 2.135733 3 


368 14605 ths Ariat n 


TEN, to 1470 (the Minutes in 257. on the Spheroid Jab, II.) 


wig 1765, the . in 30*; the Sum is 3235. Say! 
E, 


BC: bc „„ | 
£3363: 3235 460 5: 44 3 the natural Diſtance required. 


11 F, in this Example, the Common Table of Meridional Parts 


had been uſed, the ” ference of - —_— would have come out 


2060 exceeding the truth by 1. 5'; and the Diſſance (ab) would 
ve been 4512, exceeding the true Diſtance by 89 Minutes, or 
Miles of the Equator, I — 


— ZI —— 


TE 


Applied 10 the true Hxure of the Earth. 3 3 
E A 8 E III. 


Gen the Difference of Latitude and Diſtance run; 10 


find the Ditterence of Longitude ord Angle . the 
OCourſe. | 


EXAMPLE. 


S. Lat. A. 25. . Merid, Pts” 1548. 
N. Lat. B.. 30'; , Merid, Pts 1850 
Given, as in 
Examp. 2.] (Whence BC Sum 3368 2. Ang. ABC. 
Fines 2 from Yak. HE ==: 3235)- 
Cab 4423 


be : BC oy ab : AB. i 
. 23235 3365 4423: 4605=the artificial Diſtance. 


2. From the Square of AB, which is 212060256 
Fake the Square of B e 5507 $100} STONE 


The Square Root of the Remainder = = 9862601, x is 
3141, will. be = AC the. Difference f the Lid ſought. 


On by the n,: Seing de ERS * A FIT, | 
Ag, {Þ Wn cs 


To the Log. of 7973 (—AB4+BC) hd is. . 3-90162 - 
Addthe Logs of 1237 enn whuch 1 * «6s 092 237 


6 99399 


| Half their Sum, VL. FD gn e peck 349699 will be 

the Logarithm of 348 ==AC, as i beste found. 
AB : BC R : Coſ. ABC 

55 T $ | L00000 : Col, 43 _— of the W 

F an 


be 3365 


„% MERCATORs SAILING 
| CASE . 


| Given the Difference of Longitude a Gas: 70 fud | 
AI be Difference of Latitude and Diſtance failed. 


BXAMPLE. 


* N. Lat. of B me. | BL ate Re RY 

Grove Diff. of Long. Ac. 28.1680 1 (BC) be 

ABC. .,. , == 3” hs 2, (AB) ab. 
RN: Co-Tang; ABC} . 
00 13270 71685 2229 


Now the Meridianal Parts for the given Latitude of B. vis. $4*. 
are 3803. Subtract therefore the Number laſt found, 2229, from 
- 3803, and find in Tab. I. what Degree and Minutes of Latitude hath 


the Meridional Parts equal to the Remainder 1 574 3 ; * ( taking 
a proportional Part) is found to be 25*. 50. = itude of 


that the Difference of Latitude ſought, is 28*, 100. 
2. To find AB, * | 


Is. A: R 2. Ac: AB 
60181: 100000 1680: 279 


* I 725. m. from the Minutes in 54". VIZ. . 3 3195 
Take the Minutes in. 23“. 50ʃ. 1520 


nd ² AA en 
quantity of the Arc bc. Say therefore, - | 


| BC 3 bc i AB : 46 5 
1 5 4 ary. 17513 argon FOR hd 


* 


NB. 


Applied 70 the true Figure of the Earth. 35 


N. B. If, in this Example, the Latitude of B had been 20, then 
[muſt have ſubtracted from BC==2229, the Meridional Parts of 
20%. vig. 1199, and the Remainder 1030 would have ſhewn that. 
A was on the other ſide of the * in the Lat. 179 16% 


CASE v. 


Given * Diſtance run, and An g the Courſe; 
fnd the Di ference of N and Difference af 
Longitude. | 


EXAMPLE, 


TN. Lat. of B. 45” | | ved, 
Given Angle ABC. 23% 1 8 1. B OE. 
Diſtance run (ba) * | 2. AC. 


1 R: Coſ. ABC) *: be . | 
100000 :.92050. N . == the Arc of che 
Meridian intercepted by the Paralles through A and B. Fre. 


2. In Tab. III. the Minutes fie the given Latitude of B (45%): - 
are 2656. Therefore from c= 34006, I take 2656 ;. and the 
remainder 750, applied to the ſame Tab. IN. ſhews that A falls 
in 12. 400. South Latitude, L. add then the Meridional Parts of 
1 46'. ( viz. 756.) to the Meridional Parts of 45 e 

And the Sum | 979% is the Line BC on the Chart.. 


ab : AB 
be — 2 — 3700 : 40515=AB, | 


2 e 


Longitude and Os the _ of the Courſe | is determined, as in 


36 MER CATO Rs SAILING 
4. As in Caſe * to Log. 7783 (=AB4BC) N 5 
. Add OW... 319 n . 2. 8 3 

ö 5 . | 6.3940 
* in 3 „ 3.19747 1s 


" the Log. of 1 lc r 
Tur like Operations will ſerve for the s Caſes in common 


Mercator's Sailing ; only the Reduction of the Arcs bc, which is 


here performed by the help of Tab. III. is there done at once, 


by multiplying the Degrees in c by 60 ; _— if there are any, 
the odd Minutes, 


I fay nothing of Parallel-Sai ling, ETA ſufficiently explained it 


above, Pag. 13. nor of Traver/e Courles, which being no more 
than Combinations of the ſimple Caſes, are : ſolved $f the lame Rules, 
. - though with more Labour. | 


J beg leave 3 7 to | Gain the blos Rematks upon the 


Method it elf. 


5 * 
— 
'4 ; 1 


As Intec (Pag. 14) the Neceſſity of a Correction in our 
common Charts and Tables, for this general Reaſon, that, In the 


mixt Sciences, unavoidable Errors ought, by the Exa&tneſs of the 


« Theoretical Part, to be kept within the narroweſt Bounds poffible ;" 

So we ſee from Examp. H. that the Errors of Mercator's Chart 
may ſometimes conſiderably augment whatever others a Ship's Rec- 
koning is ſubject to. And Caſes may be imagined, in which the 1 


Errors would be ſtill greater than in _ Example, 


| n 
I x, from the Situation of two Places (A and B) with reſpect to 
e | 


Appli ed to the true Figure of the Earth. 37 
Caſe I. the Difference will not indeed be conſiderable, whether we - 
uſe the Common Tables, or theſe, as never exceeding two thirds of a 
Degree. (Vid. p. 14.) But if we ſuppoſe, what ofteneſt happens, 


that a Ship Font, per ſteer her Courſe on the direct Rumb from A 
to B, but upon ſome other given Rumb, till ſhe is arrived at a 


0 Place (C) in a known Latitude; that in order to find her Courſe 


from C to the intended Port B, the Longitude of C is computed, 
as in Caſe II. from the Lat. of A, the The of C, and the Courſe 
_ hitherto ſteered : And laſtly, that from the Long ud of C, thus 
computed with the ee of C and B, her 3 Courſe i is de- 
termined; it may come out very different on the Sphere, from what 
it would be on the Spheroid. 


An Example will beſt explain this 63 . 
Let the Place A be at the Equator ; * in * N. Lat. 


40%. Weſt of A, = = - 54% 45+ 
Then, by Ca/eI. the Angle mw Courſe on the Sphe- as 
reid will be — F * „ 555 
And on the Sphere „ 51. 24 
The Difference being no more than PE a 31 


Bur if on the Spheroid, the Ship fails NW W, that is, in an 
Angle of 56*. 15/. till ſhe reaches C in the Lat. 37%. The Difference 


of T angitude of A and C, will (by Cafe II.) be 58. 32'. and the 


Courſe from C to B will be NE, 2. e. at an Angle of 455. Where 
as, if ſhe is ſuppoſed to fail on a Sphere, the Difference of Longi- 
tude of A and C will be 59. 41. And her Courſe from C to B 
will be 52. 90. greater than it ought to be by 7*. gf. i. e. by al- 


moſt 2 of a Point. At the fame time the Di rites of” this” I. 1155 


ances between C and B on the Spheroid and ä will be above 
a ſeventh Part of the Whole. | 


Tux Reader may, for his Exerciſe, frame to hindi FOE Exam- - 
phe aſſuming not one intermediate Place 6b but two © > 1 | 
:) | 


P 


C, D, E:) and he will ſee how the Error of the 4a Courſe, 
as it involves all the preoteding rrors of the 63 may 
bometimes riſes” bf 
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*  Latitades under 285; the Plain is ; preferable to Mer 
cutor's. From o Lat. to 200. the Meridional Diftances of Merca- 
tt exceed thoſe of the Plain Chart ; which laſt exceed the Truth. 
= From 20. to 28, the Defect of the Meridionel Diſtances on tha 
FP Chart is lefs than the Exoe/s of Mercator's.. After this the | 
> fad Defe# increaſes quickly, ſo that, between-33*. and 34. it is 
double, and at 38*. a ute more than triple the Exceſs. Whence 
1 infer, that for about a third part of the Quadrant, there is at 
taft as much Reaſon for coreing the Sea-Charts ws. as for- 
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BOOKS printed for A.M11.1 AR, ver agninft Sr. Clement: 


Church in the Strand, 


I. SPYCLOPADIA: Or, An Univerſal Di Ttionary of Arts und Scene! 


containing an Explication of the Terms, and an Account of the Things 


| fignified thereby, in the ſeveral Arts, both Liberal and Mechanical; and the ſe- 
veral Sciences, Human and Divine: The Figures, Kinds, Properties, Productions, 


Preparations, and Uſes of E om Natural and Artificial: The Riſe, Progreſs and 


State, of Things Eccleſiaſtical, Civil, Military, and Commercial: With the ſe⸗ 
veral — Sets, Opinions, Fr. among Philoſophers, Divines, Mathemati- 
cians 

Ancient and Modern Learning. Extracted from the beſt Authors, Dictionaries, 
Journals, Memoirs, Tranſactions, Ephemerides, &c, in ſeveral Languages. 


By E. CHAMBERS, F.R.S. 


"The Fourth Edition, corrected and amended 3 with ſome Additions. In 2 Vols, 


in Folio. 


II. The Works of FRANCIS BACON, Baron of Ferulam, Viſcount Se. 
Alban, and Lord High Chancellor of England. With ſeveral Additional Pieces 


never before printed in any Edition of his Works, To which is prefixed, A New 


Life of the Author, by . MALLET. In 4 Volumes in Folio. | 


»The Additional Pieces, with the Life or the Author, by Mr. MaLtzr, of 
the ſame Size with the former Edition, may be had ſeparate, to compleat thoſe 
Gentlemen's Setts who bought that Edition. * | a 


+ n & 


hyſicians, Antiquaries, Critics, &c, The whole intended as a Courſe of 


VN. B. There are a few of the above Two, printed on a ſuper-fine Writing | 


Paper. 


il. h Lief FRANCIS BACON, Baron of Ferulam, Viſcount Se, Albin 
and Lord High Chancellor of England. By Mr, MALLET. In Odta vo. 


IV. Sectionum Conicarum, Libri V. Auctore ROBERTO S$1MS$ ON, in 


Academia Glaſguenſi Matheſeos Profeſſore. ls 


V. The Figure of the Earth, determined from Obſervations made by Order of 


OF. 
- 


the French King, at the Polar Circle; by Meſſrs. De Maupertuis, Camus, Clat- 
raut, Le Monnier, Members of the Royal Academy of Sciences ; the Abbe Outhier, 
Correſpondent. of the Academy; and Mr. Celfius, Profeſſor of Aſtronomy at Upſet. 
Tranſlated from the French 1 M. De Maupertuis. | | 3 


VI. A Compleat Treatiſe of Practical Navigation, demonſtrated from its firſt 


Principles: Together with all the neceſſary Tables. To which are added, The 


Uſeful Theorems of Menſuration, Surveying and Gauging ; with their Applica- 
tion to Practice. Written for the Uſe of the Academy in Tower-ffreet. © 


By ARCHIBALD PATOUN, F. R. 8. The Second Edition. 
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„ "BOOKS. Printed fe A; Munna, 
vn. b. y Medical and Philoſophical : Containing, - 


1. Tpe genere and Criſes of Diſeaſes. 
2. The? c Operation of Cathartic | 
- Medici es. 

. The Conſtruction and Graduation of 
Thermometers. 


4. The Compaziſon of different Ther- 


mometers. 
5. The Heating and Cooling of Bodies. 
6. The various + OE of Heats in Bo- 
e Cap) 
2 The Way of computing the if frere! 
Degrees of Heat. Ei 42 

8. The Heat of the Rr 


9. The comparative Heats of the fant, 2 
Earth, Planets and Comets. 
10. The Degrees: of Heat in Animals. 
11. e preternatural Heats of Ani- 
mals. 
12. The Heats of Waters, Oils, and 
: Salts, according to their Fluidity and 
Conſiſtenc 


13. The — and ſhining Heats of 
Metals and Minerals. 


melted Bodics 8 


bt 14. The boiling * of n — 


4 
Naas 8 $ 


VII. De Similibus Animalibu & Animalium: Calore Libri Duo. In wie 


; > 3h 
1. De ve nit ing: 
lum maxime generalibus. 


2. De Motibus & Viribus Sangui ais. F 
De Vaſorum Firmitatee. 


TY De membrorum Velocitate Motus. * 


5. De Muſculorum Viribus. 
5 84 Ore: 


norum 8 


3 is. 


| * De Motibus & Viribus Aeris 


% The above two by GEORG B MARTINE, M. D. H 
#: - College of Fhyſicians at E dinburgb. 
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| Second Edition. | 
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9. De rum Adiallum Calore. 

10. De Animalium Calore generatim- 

.11, De Calore in variis ejuſdem Ani 
maliis partibus, 

12. De Calore Similium Alena: 

13. De Diverſitate Caleris Animalium 
ſecundum Mutationes 1is illatas. 

14. De Ealoris Animalium differentia 

* ae ſexus varietatem. 


of the 


\n Enguiry' into the Nature of the Human Soul; ad the 3 Th 
of the Soul is evinced from. the * of n, N nr The 
In 2 Vols. in Octavo. 5 


— . 


- firſt Principles of ' Philoſophy and Aftron:my are accommodated to the Capacity of 


Young: Perſons, or fuch as have 
Principles © 
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yet no Tincture of the Sciences. 
f Natural Religion are deduced. 


"= E gur) into "oe Nature of the Human Soul, 


Hence the 
In 2 Volumes in W Y, the 
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